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PREFACE 


TO  THE  ELEVENTH  EDITION. 


TuE  Science  of  GhsHisTRY^  during  the  interval  which 
has  elapsed  since  the  publication  of  the  last  edition  of  these 
volumes^  has  continued  to  advance  with  steady  and  unin- 
tcmipted  progress.  If  its  career  has  not  been  marked 
by  discoveries  of  equal  importance  with  those^  which^  at 
periods  not  very  remote^  shed  a  lustre  over  the  whole  ex- 
tent of  chemical  philosophy^  yet  it  may  be  distinctly  trac- 
ed in  the  exhibition  of  new  substances^  both  elementary 
and  compounded ;  in  fresh  lights  thrown  upon  analogies^ 
which  were  before  imperfect ;  in  the  firmer  establishment 
of  some  general  principles^  and  the  restriction  of  otliers 
which  had  been  too  universally  applied.  Not  only  have 
the  foundations  of  the  science  bwn  strengthened^  but  the 
superstructure  has  been  improved  in  symmetry^  as  well  as 
in  durability. 

The  great  laws  of  combination  in  definite  and  in  multi- 
ple proportions^  on  which  the  Atomic  Theory  mainly 
rests,  have^  more  especially,  derived  increased  support 
from  the  accumulated  mass  of  evidence.  In  too  many 
instances,  it  must  be  acknowledged,  we  have  not,  even 
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yct^  attained  all  the  precision  that  is  desirable^  as  to  the 
true  proportions  in  which  bodies  combine.  Nor  can  we 
arrive  at  this  degree  of  certainty,  until  the  relative 
weights  of  some  of  the  elementary  gases  have  been  deter- 
mined, with  the  aid  of  the  most  refined  instruments,  and 
with  the  most  elaborate  and  scrupulous  correctness.  It 
were  to  be  wished,  indeed,  that  this  should  be  attempted 
under  the  auspices  of  some  one  of  those  learned  societies, 
which  have  been  instituted  for  the  promotion  of  science ; 
and  that  the  investigation  should  be  confided  to  a  commis- 
sion of  its  members,  whose  skill,  experience,  and  fidelity^ 
would  be  a  pledge  for  the  accuracy  of  the  results.  The 
precise  admeasurement  of  an  arc  of  the  meridian  was  not 
more  important  to  astronomical  truth,  than  the  exact  de- 
termination of  the  specific  gravities  of  the  elementary 
gases  is  to  chemical  philosophy. 

It  is  imjM)ssible  to  direct  our  views  to  the  future  im- 
provement of  this  wide  field  of  science,  without  deeply 
lamenting  the  privation,  which  we  have  lately  sustained, 
of  two  of  its  most  successful  cultivators.  Sir  Humphry 
Davy  and  Dr.  Wollaston, — at  a  period  of  life,  too,  when 
it  seemed  reasonable  to  have  expected,  from  each  of  them, 
a  much  longer  continuance  of  his  invaluable  labours. 
To  those  high  gifts  of  nature,  which  arc  the  characteris- 
tics of  genius,  and  which^onstitute  its  very  essence,  both 
those  eminent  men  united  an  unwearied  industry  and 
zeal  in  research,  and  habits  of  accurate  reasoning,  with- 
out which  even  the  energies  of  genius  are  inadequate  to 
the  achievement  of  great  scientific  designs.  With  these 
excellencies,  common  to  both,  they  were  nevertheless  dis- 
tinguishable by  marked  intellectual  peculiarities.  Bold, 
ardent,  and  enthusiastic,,  Davy  soared  to  greater  height*: ; 
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he  commanded  a  wider  horizon;  and  his  keen  vision  pene- 
trated to  its  utmost  boundaries.  His  imagination,  in  the 
highest  degree  fertile  and  inventive,  took  a  rapid  and  ex- 
tensive range  in  pursuit  of  conjectural  analogies,  which 
he  submitted  to  close  and  patient  comparison  with  known 
facts,  and  tried  by  an  appeal  to  ingenious  and  conclusive 
cx])eriments.  He  was  imbued  with  the  spirit,  and  was  a 
master  in  the  practice,  of  the  inductive  logic ;  and  he 
hiis  left  us  some  of  the  noblest  examples  of  the  efficacy  of 
that  great  instrument  of  human  reason  in  the  discovery  of 
tnith.  He  applied  it,  not  only  to  connect  classes  of  facts 
of  more  limited  extent  and  importance,  but  to  develop 
great  and  comprehensive  laws,  which  embrace  phenomena, 
that  are  almost  universal  to  the  natural  world.  In  explain- 
ing those  laws,  he  cast  upon  them  the  illumination  of  his 
own  clear  and  vivid  conceptions ; — he  felt  an  intense  ad- 
miration of  the  beauty,  order,  and  harmony,  which  are 
conspicuous  in  the  perfect  Chemistry  of  Natukf:; — 
and  he  expressed  those  feelings  with  a  force  of  eloquence, 
which  could  issue  only  from  a  mind  of  tlie  highest  powers, 
aiul  of  tlie  finest  sensibilities.  With  much  less  enthusiasm 
from  temperament.  Dr.  Wollaston  was  endowed  with  bodily 
i>eiises  of  extraordinary  acuteness  and  accuracy,  and  with 
gixat  general  vigour  of  uiulerstanding.  Trained  in  the 
diH:ipruie  of  the  exact  sciences,  he  had  acquired  a  power- 
ful command  over  his  attention,  and  had  habituated  him- 
self to  the  most  rigid  correctness,  both  of  thought  and  of 
language.  He  was  sufliciently  provided  with  the  resources 
of  the  matliematics,  to  be  enabled  to  pursue,  with  success, 
profound  inquiries  in  mechanical  and  optical  philosophy, 
the  results  of  which  enabled  him  to  unfold  the  causes  of 
phenomena,  not  before  understood,  and  to  enrich  the  arts, 
Vol.  I.  B 
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connected  with  those  sk^iences^  by  the  invention  of  inge- 
nious and  valuable  instruments.  In  Chemistry,  he  was 
distinguished  by  the  extreme  nicety  and  delicacy  of  his 
observations ;  by  tlie  quickness  and  precision,  with  which 
he  marked  resemblances  and  discriminated  differences ; 
the  sagacity,  with  which  he  devised  experiments,  and  an- 
ticipated their  results ;  and  the  skill,  ^th  which  he  exe- 
cuted the  analysis  of  fragments  of  new  substances,  often 
so  minute  as  to  be  scarcely  perceptible  by  ordinary  eyes. 
He  was  remarkable,  too,  for  the  caution,  with  which  he 
advanced  from  facts  to  general  conclusions;  a  caution 
which,  if  it  sometimes  prevented  him  from  reaching  at 
once  to  the  most  sublime  truths,  yet  rendered  every  step 
of  his  ascent  a  secure  station,  from  which  it  was  easy  to 
rise  to  higher  and  more  enlarged  inductions.  Thus  these 
illustrious  men,  though  diifering  essentially  in  their  natu- 
ral powers  and  acquired  habits,  and  moving,  independently 
of  each  other,  in  different  paths,  contributed  to  accom- 
plish the  same  great  ends — the  evolving  new  elements ; 
the  combining  matter  into  new  forms;  the  increase  of 
human  happiness  by  the  improvement  of  the  arts  of 
civilized  life ;  and  the  establishment  of  general  laws,  that 
will  serve  to  guide  other  philosophers  onwards,  through 
vast  and  unexplored  regions  of  scientific  discovery. 


Of  the  alterations  which  have  been  made  in  preparing 
this  edition  for  the  press,  it  is  suflicient  to  speak  in  gene- 
ral terms ;  for  it  would  be  equally  tedious  and  useless  to 
notice  all  the  additions  and  modifications,  that  have  arisen 
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out  of  further  reflection,  or  have  been  rendered  expedient 
by  the  progress  of  chemical  knowledge.  From  the  gene- 
ral arrangement  of  bodies  into  electro-positive  and 
ELECTRO-NEGATIVE,  I  havc  sccn  no  reason  to  deviate^ 
though  it  appears  to  me  to  be  entitled  to  preference,  on 
no  better  ground  than  that  of  convenience.  Classifications 
of  facts,  it  must  be  remembered,  have  no  prototypes  in 
nature.  They  are  merely  artificial  contrivances,  founded 
on  general  analogies ;  and  they  are  liable  to  be  changed, 
and  even  subverted,  if  shown  to  rest  on  deficient  or  erro- 
neous data,  or  to  be  incapable  of  comprehending  newly 
discovered  facts. 

Of  the  numerous  and  important  memoirs,  which  have 
appeared  during  the  few  last  years  in  the  transactions  of 
societies  and  in  the  scientific  journals,  I  have  endeavoured 
to  give  a  condensed  yet  clear  outline ;  and  have  retained 
the  practice  of  referring  to  authorities,  because  it  enables 
the  reader  to  consult  the  original  documents,  on  any  topic 
that  may  coincide  with  his  peculiar  pursuit.  To  gain 
room  for  the  new  matter,  I  have  abridged  and  retrenched 
whatever  seemed  to  me  of  least  importance  ;  and,  in  the 
chapter  of  Addenda,  at  the  close  of  the  second  volume, 
I  have  supplied  a  few  deficiencies,  and  have  given  a  view 
of  discoveries  to  the  latest  period,  which  the  publication 
will  allow. 

Though  no  pains  have  been  spared,  to  render  these  vo- 
lumes a  faithful  abstract  of  the  present  state  of  Chemical 
Science,  yet,  in  executing  a  w^ork,  the  subject  of  which 
is  so  compreliensive,  and  whicli  involves  not  only  a  large 
class  of  general  principles,  but  an  almost  infinite  number 
of  minute  details,  it  can  scarcely  be  expected  that  some 
errors  should  not  have  escaped  me.   These,  I  trust,  how- 
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ever^  are  neither  numerous  nor  important ;  and  I  shall  be 
thankful  for  their  correction,  whenever  they  may  be  point- 
ed out  with  the  candour  characteristic  of  philosophers^ 
who  are  sincerely  anxious  for  the  advancement  of  know- 
ledge, and  who  seek,  hy^  the  detection  and  rectification  of 
error,  no  other  object  Uian  the  attainment  of  truth. 


Maneheiierj  Novembetf  1829. 
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EXPERIMENTAL  CHEMISTRY. 


PART  I. 


CHAPTER  I. 

OF    A   CHKMICAL   LABORATORY    AND    APPARATUS. 

A  cBSMicAL  laboi^tory,  though  extremely  useful,  and  even  es- 
sential, to  all  who  embark  extensively  in  the  practice  of  chemistry, 
either  as  an  art,  or  as  a  branch  of  liberal  knowledge,  is  by  no  means 
required  for  the  performance  of  those  simple  experiments,  which 
furnish  the  evidence  of  the  fundamental  truths  of  the  science.  A 
room  that  is  well  lighted,  easily  ventilated,  and  destitute  of  any 
Tsluable  furniture,  is  all  that  is  absolutely  necessary  for  the  pur- 
pose. It  is  advisable,  indeed,  that  the  construction  of  a  regular  la- 
boratory should  be  deferred,  till  the  student  has  made  some  pro- 
g;ress  in  the  science;  for  he  will  then  be  better  qualified  to  accommo- 
date its  plan  to  his  own  peculiar  views  and  convenience. 

It  is  scarcely  possible  to  offer  the  plan  of  a  laboratory,  which 
will  be  suitable  to  every  person,  and  to  all  situations ;  or  to  suggest 
any  thing  more  than  a  few  rules  that  should  be  generally  observed* 
Different  apartments  are  required  for  the  various  classes  of  chemi- 
cal operations.  The  principftl  one  may  be  on  the  ground  floor; 
twenty-five  feet  long,  sixteen  or  eighteen  wide,  and  open  to  the 
roof,  in  which  there  sbould  be  contrivances  for  allowing  the  occa- 
sional escape  of  suffocating  vapours.  This  will  be  destined  chiefly 
for  containmg  furnaces,  both  fixed  and  portable.  It  should  be 
amply  furnished  with  shelves  and  drawers,  and  with  a  large  table  in 
the  centre,  the  best  form  of  which  is  that  of  a  double  cross.  An* 
other  apartment  may  be  appropriated  to  the  minuter  operations  of 
chemistry ;  such  as  those  of^precipitation  on  a  small  scale,  the  pro* 
cesses  x\m  require  merely  the  heat  of  a  lamp,  and  experiments  on 
the  gases.  In  a  third  of  smaller  size,  may  oe  deposited  accurate 
balances,  and  other  instruments  of  considerable  nicety,  which  would 
be  bjnr^  by  the  acid  fumes  that  are  constantly  spread  through  a 
laboratory. 

Vol.  I  C 
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The  following  are  the  principal  instruments  that  are  required  in 
chemical  investigations;  but  it  is  impossible,  without  entering  into 
Tery  minute  details,  to  enumerate  all  the  apparatus  that  should  be 
in  the  possession  of  a  practical  chemist.  Those  who  are  desirous 
of  fuller  information  are  referred  to  an  elaborate  work  of  Mr.  Ffr 
raday,  in  one  vol.  8vo.,  entitled  *^  Chemical  Manipulation^'*  in 
which  they  will  find  a  distinct  account  of  the  apparatus  adapted  to 
purposes  of  demonstration,  analysis,  and  research,  with  cltar  and 
ample  instructions  for  the  use  of  it. 


SECTION  I. 

Cf  Apparatus  for  General  Purposes. 

I.  Furnaces.  These  may  be  formed  either  of  solid  brickworkf 
or  of  such  materials  as  admit  of  their  removal  from  place  to  place. 

The  directions,  generally  laid  down  in  elementary  books  of  che* 
mistry  for  the  construction  of  fixed  furnaces  appear  to  me  defi- 
cient  in  precision,  and  such  as  a  workman  would  find  it  difficult  to 
put  in  practice.  I  have,  therefore,  given  plans  and  sections,  in  the 
rth  and  8th  plates,  of  the  various  kinds  of  furnaces;  and,  in  the 
Appendix,  minute  instructions  will  be  found  for  erecting  them. 
(See  the  description  of  the  7th  and  8th  plates.)  * 

The  furnaces  of  most  general  utility  are,  1st,  the  fftnd  Htmacef 
]B  which  an  intense  heat  is  capable  of  being  excited  for  the  fusion 
of  metals,  &c.  In  this  furnace,  the  body  submitted  to  the  action  of 
heat,  or  the  vessel  containing  it,  is  placed  in  contact  with  the  burn- 
ing fuel.  Fig.  60  exhibits  one  of  the  most  common  construction. 
Fig.  61  is  the  section  of  a  wind  furnace,  the  plan  of  which  was 
obligingly  communicated  to  me  by  Mr.  Knight,  of  Foster-lane* 
London ;  to  whom,  also«  I  am  indebted  for  that  represented,  fig. 
62.  The  wind  furnace  of  Mr.  Chevenix  is  shown  by  fig.  74.  Sdly, 
The  Evaporating  Furnace^  is  formed  of  iron  plates,  joined  together 
hy  rabbeting,  and  placed  over  horizontal  returning  flues  of  brick- 
Figs.  64  and  65,  are  two  views  of  this  furnace  as  recommended  by 
Mr.  Knight.  When  evaporation  ia  performed  by  the  naked  fire* 
the  vessel  may  be  placed  on  the  top  of  the  furnace,  fig.  60  or  61 ; 
and  when  effected  through  the  intervention  of  a  water  bath,  a  shal- 
low kettle  of  water,  in  which  is  placed  the  evaporating-dish  and 
its  contents,  may  be  set  in  the  same  situation.  Sdly,  The  plan  of  a 
Meverberatory  Furnace  is  exlublted  by  figs.  66,  67,  and  68.  4thly, 
The  Furnace  for  distilling  by  m  Sand  Heal  is  constructed  by  setting 
%pon  the  top  of  the  brickwork,  fig.  60,  the  iron  pot,  fig.  71 ;  a  door 
being  made  in  the  side  of  the  furnace  for  introducing  liieL  Distil- 
lation by  the  naked  fire  is  performed  with  the  wind  furnace*  fin. 
tt,  6S.  5thly,  The  OupeUing  or  EnanulUng  Furnace^  is  shownhy 
fin.  6d,7a 

Portable  furnaces,  however,  are  amply  sufficient  for  all  the  pur- 
poses of  the  chemical  student,  at  the  outset  of  his  pursuit     The 
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one  which  I  prefer  is  that  shown  by  fij^  58  and  59^  plate  vL  It 
was  orii^inaHy  contrived,  I  believe,  by  Mr.  Schmeisser ;  and  is  made 
with  considerable  improvements,  and  sold  by  the  dealers  in  chcmi^ 
cal  apparatus.  Its  size  is  so  small,  that  it  may  be  set  on  a  table, 
and  the  smoke  may  be  conveyed  by  an  iron  pipe,  into  the  chimney 
of  the  Apartment.  In  the  furnace,  as  it  is  usually  sold,  the  chimney, 
adapted  for  distillation  with  a  sand  heat,  passes  directly  through 
the  sand-bath,  the  form  of  which  is  necessarily,  when  thus  con- 
structed, a  very  inconvenient  one.  I  have  found  it  a  great  improve- 
ment to  make  the  aperture  for  the  chimney  at  k.  This  allows  us  to 
have  a  sand-bath  of  the  usual  shape,  as  shown  by  fig.  59 ;  or  even 
to  place  evaporating  dishes,  or  a  small  boiler,  on  the  top  of  the  fur^ 
nace.  The  aperture  of  the  side  flue  may  be  closed  by  a  stopper, 
when  we  dispose  the  furnace  as  shown  by  fig.  58.  Dr.  Black's  fur^ 
nace  is  generally  made  of  a  larger  size,  and  is  adapted  to  opera- 
lions  on  a  more  considerable  scale.  (See  figs.  72  and  73.)  Both 
these  furnaces  are  constructed  of  thin  iron  plates,  and  are  lined 
with  fire-clay.  They  will  be  minutely  described  in  the  references 
to  the  plates. 

For  the  purpose  of  exciting  a  sudden  heat,  and  of  raising  it  to 
great  intensity,  nothing  can  be  better  adapted  than  a  very  simple, 
cheap,  and  ingenious  furnace,  contrived  by  Mr.  Charles  Aikin,  fig. 
55.  It  is  formed  out  of  pieces  of  black-lead  melting  pots,  in  a 
manner  to  be  described  in  the  Appendix,  and  is  supplied  with  air 
by  a  pair  of  double  bellows,  d.  By  a  slight  alteration,  this  furnace 
may  occasionally  be  employed  for  the  operation  of  cupelling.  (See 

fig.  57.) 

II.  For  containing  the  materials,  which  are  to  be  submitted  to 
the  action  of  heat  in  a  wind  furnace,  vessels  called  crucibles  are 
employed.  They  arc  most  commonly  made  of  a  mixture  of  fire^ 
clay  and  sand,  occasionally  with  the  addition  of  plumbago,  or 
black-lead.  The  Hessian  crucibles  arc  best  adapted  for  support 
lag  an  intense  heat  without  melting;  but  they  are  liable  to  crack 
when  suddenly  heated  or  cooled.  The  porcelain  ones«  made  b.y 
Messrs.  Wedgwood,  arc  of  much  purer  materials,  but  are  still 
more  apt  to  crack  on  sudden  changes  of  temperature;  and,  when 
used,  they  should,  therefore,  be  placed  in  a  common  crucible  of 
larger  size,  the  interval  being  filled  with  sand.  The  black-lead  cn^ 
cibles  resist  very  sudden  changes  of  temperature,  and  may  be  re- 
peatedly used;  but  they  are  destroyed  when  some  saline  substances 
(such  as  nitre)  are  melted  in  them,  and  are  consumed  by  a  current 
of  air.  For  certain  purposes,  crucibles  are  formed  of  pure  silver 
or  platinum.  Their  form  varies  considerably,  as  will  appear  from 
inspecting  plate  vi.  figs.  49,  50,  51,  and  54.  It  is  necessary,  in  all 
cases,  to  raise  them  from  the  bars  of  the  grate,  by  a  stand,  fig.  5$. 
a  orb.  For  the  purposes  of  submitting  substances  to  the  continu*> 
cd  action  of  a  red  heat,  and  with  a  considerable  surface  exposed  to 
the  air,  the  hollow  arched  vessel,  with  a  flat  bottom,  fig.  52,  termed 
a  muffit^  is  commonly  used.  In  fig.  69,  (/,  e,  the  mume  is  shown, 
placed  in  a  furnace  for  use. 

III.  ETAroaATiNO  VESSELS  should  always  be  of  a  flat  shape,  so 
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M  to  expofte  them  extensively  to  the  action  of  heat.  (See  a  section 
of  one,  fig.  12.)  They  are  formed  of  glass,  of  earthenware,  and 
of  various  metals.  Those  of  glass  are  with  difficulty  made  suffi* 
ciently  thin,  and  are  often  broken  by  change  of  temperature;  but 
they  have  a  great  advantage  in  the  smoothness  of  their  surface,  and 
in  resisting  the  action  of  most  acid  and  corrosive  substances.  £va- 

S orating  vessels  of  porcelain  or  Wedgwood's  ware,  are  next  in  uti* 
ty,  are  less  costly,  and  less  liable  to  be  cracked.  They  are  made 
both  of  glazed  and  un glazed  ware.  For  ordinary  purposes  the 
former  are  to  be  preferred;  but  the  unglazed  should  be  employed 
when  great  accuracy  is  required,  since  the  glazing  is  acted  on  by 
several  chemical  substances.  Evaporating  vessels  of  glass  or  por- 
celain are  generally  bedded,  up  to  their  edge,  in  sand  (see  fig.  65); 
but  those  of  various  metals  arc  placed  immediately  over  the  naked 
fire.  When  the  glass  or  porcelain  vessel  is  very  thin,  and  of  small 
size,  as  a  watch  glass  for  example,  it  may  be  held  by  means  of  a 
•mall  prong,  represented  under  fig.  12;  or  it  may  be  safely  placed 
on  the  ring  of  the  brass  stand,  plate  i.  fig.  13,  and  the  flame  of  an 
Argand's  lamp,  cautiously  regulated,  may  be  applied  beneath  it. 
A  lamp  thus  supported,  so  as  to  be  raised  or  lowered,  at  pleasure, 
on  an  upright  pillar,  to  which  rings,  of  various  diameters,  are 
adapted,  will  be  found  extremely  useful;  and,  when  a  strong  heat 
is  required,  it  is  advisable  to  employ  a  lamp,  furnished  with  double 
concentric  wicks.  A  lamp  for  burning  spirit  of  wine  will,  also, 
be  found  very  convenient,  especially  if  provided  (as  they  now  ge* 
nerally  are)  with  a  glass  cap  to  cover  the  wick  when  not  in  use« 
which,  being  fitted  by  grinding,  prevents  the  waste  of  the  spirit  by 
evaporation. 

IV.  In  the  process  of  evaporation,  the  vapour  for  the  most  part 
is  allowed  to  escape;  but  of  certain  chemical  processes,  the  collec- 
tion of  the  volatile  portion  is  the  principal  object.  This  process  is 
termed  distillation.  It  is  performed  in  vessels  of  various  forms 
and  materials.  The  common  still  is  so  generally  known,  that  a  re- 
presentation of  it  in  the  plates  was  deemed  unnecessary.  It  con- 
sists of  a  vessel,  generally  of  copper,  shaped  liked  a  tea-kettle,  but 
without  its  spout  and  handle.  Into  the  opening  of  this  vesseK  in> 
stead  of  a  common  lid,  a  hollow  moveable  head  is  affixed,  which 
ends  in  a  narrow,  open  pipe.  This  pipe  is  received  into  another 
tube  of  lead,  which  is  twisted  spirally,  and  fixed  in  a  wooden  tub, 
to  that  it  may  be  surrounded  by  cold  water.  (Fig  40,  dd.)  When 
the  apparatus  is  to  be  used,  the  liquid  intended  to  be  distilled  is 
poured  into  the  body  of  the  still,  and  the  head  is  fixed  in  its  place, 
the  pipe,  which  terminates  it,  being  received  into  the  leaden  worm. 
The  liquid  is  raised  into  vapour,  which  passes  into  the  worm,  it 
there  condensed  by  the  surrounding  cold  water,  and  flows  out  mt 
the  lower  extremity. 

The  common  still,  however,  can  only  be  employed  for  volatilis- 
ing substances  that  do  not  act  on  copper,  or  other  metals,  and  it, 
therefore,  limited  to  very  few  operations.  The  vessel,  fig.  8,  is  of 
glatt,  or  earthenware,  and  is  also  intended  for  distillation.  It  it 
termed  an  akmbiCf  and  consisu  of  two  parts ;  the  body  a  for  con- 
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taining  the  naterials,  and  the  head  b  by  which  the  vapour  is  con- 
fleiited :  the  pipe  c  conveying  it  to  a  receiver.  Vessels,  termed  re- 
lOrli,  however,  are  more  generally  used.  Fig.  1,  a,  shows  the 
common  form,  and  fig.  13,  a,  represents  a  stoppered  or  tubulated 
retort.  Retorts  are  made  of  glass,  of  earthenware,  or  of  metaL 
When  a  liquid  is  to  be  added  at  distant  intervals  during  the  pro- 
cess, the  best  contrivance  is  that  shown  in  fig.  26,  a,  consisting  of  a 
bent  tube,  with  a  funnel  at  the  upper  end.  When  the  whole  is  in- 
troduced at  first,  it  is  done  either  through  the  tubulure,  or,  if  into 
a  plain  retort,  through  the  funnel,  fig.  10,  by  means  of  which  the 
liquid  may  be  poured  in,  without  touching  the  inside  of  the  reton 
aeck. 

To  the  retort,  a  receiver  is  a  necessary  appendage  i  and  this  may 
either  be  plain,  fig.  1,  6,  or  tubulated,  as  shown  by  fig.  SO,  6.    To 
some  receivers  a  pipe  is  added  (fig.  13,6),  which  may  enter  a  little 
vay  into  a  bottle  set  beneath.     This  vessel,  which  is  principally 
useful  for  enabling  us  to  remove  the  distilled  liquid,  at  different  pe- 
riods of  the  process,  is  termed  a  quilled  receiver.     For  some  pur- 
poses, it  is  expedient  to  have  the  quilled  part  accurately  ground 
to  the  neck  of  the  bottle,  c,  which  should  then  be  fumished  with  a 
tubulure,  or  second  neck,  having  a  ground  stopper,  and  should  be 
provided,  also,  with  a  bent  tube,  to  be  occasionally  applied,  for 
conveying  away  any  gases  that  may  be  produced.     The  condensa- 
tion of  the  vapour  is  much  facilitated,  by  lengthening  the  neck  of 
the  retort  with  an  adopter  (fig.   11),  the  wider  end  of  which  slips 
over  the  retort  neck,  while  its  narrow  extremity  is  admitted  into 
the  mouth  of  the  receiver.  (See  fig.  63.) 

Heat  may  be  applied  to  the  retort  in  several  modes.  When  the 
vessel  is  of  earthenware,  and  when  the  distilled  substance  requires 
a  strong  heat  to  raise  it  into  vapour,  the  naked  fire  is  applied,  as 
shown  fig.  03.  Glass  retorts  are  generally  placed  in  heated  sand 
(fig.  59;;  and,  when  of  a  small  size,  the  flame  of  an  Argand'a 
lamp,  or  of  a  gas-burner,  cautiously  regulated,  may  be  convenient- 
ly used  (fig.  13). 

In  several  instances,  the  substance  raised  by  distillation  is  part- 
ly a  condensable  liquid,  and  partly  a  gas«  which  is  not  condensed 
till  it  is  brought  into  contact  with  water.  To  effect  this  double 
purpose,  a  series  of  receivers,  termed  lVoulfe*s  Apparatus^  is  em- 
ployed. The  first  receiver  (6.  fig.  30)  has  a  right  angled  glass  tube, 
open  at  both  ends,  fixed  into  its  tubulure;  and  the  other  extremity 
ol  the  tube  is  made  to  terminate  l>eneath  the  surface  of  distilled 
water,  contained,  as  high  as  the  horizontal  dotted  line,  in  thethree- 
Mcked  bottle  c.  From  another  neck  of  this  bottle,  a  second  pipe 
proceeds,  which  ends,  like  the  first,  under  water,  contained  in  a 
second  bottle  r/.  To  the  central  neck  a  straight  tube,  open  at  both 
ends,  is  fixed,  so  that  its  lower  end  may  be  a  little  beneath  the  sur- 
face of  the  liquid.  Of  these  bottles  any  number  may  be  employed 
that  is  thought  necessary. 

The  materials  being  introduced  into  the  retort,  the  arrangement 
completed,  and  the  joints  secured  in  the  manner  to  be  presently 
described,  the  distillation  is  begun.    The  condensable  vapour  col- 
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lects  in  m  liquid  form  in  the  balloon  6,  while  the  evolved  gas  pataea 
through  the  bent  pipe,  beneath  the  surface  of  the  water  in  c,  whick 
continues  to  absorb  it  till  saturated.  When  the  water  of  the  first 
bottle  can  absorb  no  more,  the  gas  passes,  uncondensed,  througk 
the  second  right-angled  tube,  into  the  water  of  the  second  bottle, 
which,  in  its  turn,  becomes  saturated.  Any  gas  that  may  be  pro- 
duced, which  is  not  absorbable  by  water,  escapes  through  the  bent 
tube  e,  and  may  be  collected,  if  necessary. 

Supposing  the  bottles  to  be  destitute  of  the  middle  necks,  and, 
consequently,  without  the  perpendicular  tubes,  the  process  would 
be  liable  to  be  interrupted  by  an  accident:  for  if,  in  consequence  of 
a  diminished  temperature,  an  absorption  or  condensation  of  gas 
should  take  place,  in  the  retort  cr,  and,  of  course,  in  the  balloon  6, 
it  must  necessarily  ensue  that  the  water  of  the  bottles  e  and  d  would 
be  forced,  by  the  pressure  of  the  atmosphere,  into  the  balloon,  and 
possibly  into  the  retort,  which  might  cause  a  dangerous  explosion; 
but,  with  the  addition  of  the  central  tubes,  a  sufficient  quantity  of 
air  rushes  through  them  to  supply  any  accidental  vacuum.  This 
inconvenience,  however,  is  still  more  effectually  obviated  by  Wel» 
ther's  tube  of  safety  (fig.  31,6),  which  supersedes  the  expediency 
of  three-necked  bottles.  The  apparatus  bieing  adjusted,  as  shown 
by  the  figure,  a  small  quantity  oi  water  is  poured  into  the  funnel, 
so  as  to  about  half  fill  the  ball  6.  When  any  absorption  happens, 
the  fluid  rises  in  the  ball,  till  none  remains  in  the  tube,  when  a 
quantity  of  air  immediately  rushes  in  and  supplies  the  partial  va* 
cuum  in  a.  On  the  other  hand,  no  gas  can  escape,  under  ordinary 
circumstances;  because  any  pressure  from  within  is  instantly  fol- 
lowed by  the  formation  of  a  high  column  of  liquid  in  the  perpen- 
dicular tube,  which  resists  the  egress  of  gas.  This  ingenious  in^ 
vention  I  can  recommend,  from  ample  experience  of  its  utility. 

Very  useful  alterations  in  the  construction  of  Woulfe's  apparatus 
have  been  contrived  also  by  Mr.  Pepys  and  Mr.  Knight.  That  of 
the  former  is  shown  (fig.  32),  where  the  balloon  b  is  surmounted  by 
a  vessel  c  accurately  ground  to  it,  and  furnished  with  a  glass  valve, 
resembling  that  affixed  to  Nooth's  apparatus  for  impregnating  war 
ter  with  carbonic  acid,  commonly  sold  under  that  name  in  the  glass 
shops.  This  valve  allows  gas  to  pass  freely  into  the  vessel  c,  but 
prevents  the  water  which  c  contams  from  falling  into  the  balloon. 
^4r.  Knight's  improvement  is  described,  and  represented  in  a  plate, 
in  the  Philosophical  Magazine,  vol.  xx.* 

When  a  volatile  substance  is  submitted  to  distillation,  it  is  neces- 
sary to  prevent  the  escape  of  the  vapour  through  the  junctures  of 
the  vessels;  and  this  is  accomplished  by  the  application  of  Ltrrss. 
The  most  simple  method  of  confining  the  vapour,  it  is  obvious, 

*  Another  modification  of  this  apparatus,  by  Dr.  Mumy»  is  represented  in 
Nicb.  Joum.  8to.  vol.  iii.  or  in  Murray's  Syitem  of  Chemistry*  vol.  i.  pi.  v.  fig. 
40.  Fig.  41  of  the  same  pUle  eahibiti  a  cheap  and  simple  form  of  this  appara- 
tus, contrived  by  the  late  ur.  Hamilton*  and  depicted  originally  in  his  tnuMla- 
tlon  of  Berthollet  on  Dyeing.  Hr.  Burkitt's  improvement  of  thia  apparatus  may 
be  seen  in  Nicholaon's  Journal,  4to.  vol.  v.  349 1  and  an  American  inventicm  m 
ihe  Mflne  purpose  is  represented  In  the  Quarterly  Journal,  vtti.  384. 
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would  be  to  connect  the  places  of  juncture  accurately  together  by 
grinding;  and  accordingly  the  neck  of  the  retort  is  sometimes 
ground  to  the  mouth  of  the  receiver.  This,  however,  adds  too  much 
to  the  expense  of  apparatus  to  be  generally  practised. 

When  the  distilled  liquor  has  no  corrosive  property,  (such  as 
water,  alcohol,  ether,  &c.)  slips  of  moistened  bladder,  or  of  paper, 
or  linen,  spread  with  flour  paste,  white  of  e^g,  or  mucilage  of  gum 
arabic,  sufficiently  answer  the  purpose.     The  substance  which  re- 
mains, after  expressing  the  oil  from  bitter  almonds,  and  which  is 
told  under  the  name  of  almond-meal,  or  almond  powder,  forms  a 
tieful  lute,  when  mixed,  to  the  consistency  of  glazier's  putty,  with 
Water  or  mucilage,  or,  as  Mr.  Cavendish  recommends,  with  glue, 
when  it  requires  to  be  beaten  a  good  deal  with  a  heavy  hammer. 
For  confining  the  vapours  of  acid,  or  highly  corrosive  substances, 
the  fat  lute  is  well  adapted.     It  is  formed  by  beating  perfectly  dry 
and  finely  sifted  tobacco  pipe-clay,  with  painter's  drying  oil,  to 
Such  a  consistence  that  it  may  be  moulded  by  the  hand.  1  he  same 
clay^  beat  up  with  as  much  sand  as  it  will  bear,  without  losing  its 
tenacity,  with  the  addition  of  cut  fibres  of  tow,  or  of  a  little  horse- 
dung,  and  a  proper  quantity  of  water,  furnishes  a  good  lute,  which 
has  the  advantage  of  resisting  a  considerable  heat,  and  is  applica- 
ble in  cases  where  the  fat  lute  would  be  melted  or  destroyed.    Va- 
rious other  lutes  are  recommended  by  chemical  writers;  but  the 
few  that  have  been  enumerated  I  find  to  be  amply  sufficient  for 
every  purpose. 

On  some  occasions,  it  is  necessary  to  protect  the  retort  from  too 
sudden  changes  of  temperature,  by  a  proper  coating.     For  glass 
retorts,  a  mixture  of  moist  common  clay,  or  loam,  with  sand,  and 
cut  shreds  of  tow  or  flax,  or  with  horse-dung,  may  be  employed. 
If  the  distillation  be  performed  by  a  sand  heat,  the  coating  needs 
not  to  be  applied  higher  than  that  part  of  the  retort  which  is  bed- 
ded in  sand;  but  if  the  process  be  performed  in  a  wind  furnace 
(fig.  63),  the  whole  body  of  the  retort,  and  that  part  of  the  neck 
al^  which  is  exposed  to  the  fire,  must  be  carefully  coated.  To  this 
kind  of  distillation,  however,  earthen  retorts  arc  better  adapted; 
and  they  may  be  covered  with  a  composition  originally  recommend- 
ed by  Mr.  Willis.  Two  ounces  of  borax  arc  to  be  dissolved  in  a  pint 
of  boiling  water,  and  a  sufficient  quantity  of  slaked  lime  added,  to 
give  it  the  thickness  of  cream.  This  is  to  be  applied  by  a  painter's 
brush,  and  allowed  to  dry.     Over  this  a  thin  paste  is  afterwards  to 
be  applied,  formed  of  slaked  lime  and  common  linseed-oil,  well 
mixed  and  perfectly  plastic.     In  a  day  or  two,  the  coating  will  be 
sufficiently  dry  to  allow  the  use  of  the  retort. 

For  joining  toother  the  parts  of  iron  vessels,  used  in  distilla- 
tion, a  mixture  of  the  finest  China  clay,  with  a  solution  of  borax,  is 
well  adapted.  In  all  cases,  the  different  parts  of  any  apparatus 
made  of  iron,  should  be  accurately  fitted  by  boring  and  grinding, 
and  the  above  lute  is  to  be  applied  to  the  part  which  is  received 
into  an  aperture.  This  will  generally  be  sufficient  without  any  ex- 
terior luung;  otherwise  the  lute  of  clay,  sand,  and  flax,  already 
described,  may  be  applied  over,  as  well  as  within,  the  joint. 
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In  every  instance!  where  a  lute  or  coating  is  applied^  it  is  adrit- 
able  to  allow  it  to  dry  before  the  distillation  is  begun;  and  even 
the  fat  lute,  by  exposure  to  the  air  during  one  or  two  days  after  its 
application,  is  much  improved  in  firmness.  The  clay  and  sand 
lute  is  perfectly  useless,  except  it  be  previously  quite  dry.  In  ap« 
plying  a  lute,  the  part  immediately  over  the  juncture  should  swell 
outwards,  and  its  diameter  should  be  gradually  diminished  on  each 
side.  (See  fig.  13,  where  the  luting  is  shown,  applied  to  the  join* 
ing  of  the  retort  and  receiver.) 

Beside  the  apparatus  already  described,  a  variety  of  vessels  and 
instruments  are  necessary,  having  little  resemblance  to  each  others 
in  the  purposes  to  which  they  are  adapted.  Glass  vessels  are  re- 
quired for  effecting  soluHon^  which  often  requires  the  application 
of  heat,  and  sometimes  for  a  considerable  duration.  In  the  latter 
case,  it  is  termed  digestion,  and  the  vessel,  fig.  4,  called  a  fnaiTai9t 
is  the  most  proper  for  performing  it.  When  solution  is  required 
to  be  quickly  effected,  the  bottle,  fig.  5,  with  a  rounded  bottonit 
may  be  used ;  or  a  common  Florence  oil  flask,  well  cleaned  by  soap 
lees,  serves  the  same  purpose  extremely  well,  and  bears,  without 
cracking,  sudden  changes  of  temperature.  For  precipitations^  and 
separating  liquids  from  precipitates,  either  form  of  the  decanting- 
jar  (fig.  14)  will  be  found  useful;  or,  if  preferred,  it  may  be  shap- 
ed as  in  fig.  26,/.  Perhaps  the  most  usetul  form  is  the  conical,  the 
widest  part  of  the  jar  being  at  the  bottom  (fig.  14),  for  in  this  case 
the  precipitate  is  least  apt  to  adhere  to  its  sides.  Liquids,  of  dif- 
ferent specific  gravities,  are  separated  by  the  vessel,  fig.  3 ;  the  hea- 
vier fluid  being  drawn  off  through  the  cock  6,  and  air  being  ad- 
mitted by  the  removal  of  the  stopper  a,  to  supply  its  place.  Glass 
rods,  of  various  lengths,  and  spoons  of  the  same  material,  or  of 
porcelain,  are  useful  for  stirring  acid  and  corrosive  liquids;  and  a 
stock  of  cylindrical  tubes,  of  various  sizes,  is  required  for  occa- 
sional purposes.  It  is  necessary  also  to  be  provided  with  a  series  of 
glass  measures,  graduated  into  drachms,  ounces,  and  pints.  The 
small  tube,  fig.  15,  called  a  dropping  tube^  which  is  open  at  each 
end,  and  blown  in  the  middle  into  a  ball,  will  be  found  useful  in  di- 
recting a  fine  stream  of  water  upon  the  edges  of  a  filter,  or  anjr 
small  object.  The  same  purpose  may,  also,  be  very  conveniently 
effected  by  fixing  a  piece  of  glass  tube  of  small  bore,  two  or  three 
inches  long,  and  bent  at  one  end  to  an  obtuse  angle,  into  a  hole 
bored  in  a  cork,  which  may  be  used  as  the  stopple  of  an  eight 
ounce  vial  filled  with  water,  fig.  25,  a.  On  inverting  the  vial,  and 
grasping  the  bottom  part  of  it,  the  warmth  of  the  hand  expels 
either  a  few  drops,  or  a  small  stream  of  water,  which  may  be  di- 
rected upon  any  minute  object.  When  the  flow  ceases,  it  may  be 
renewed,  if  required,  by  setting  the  bottle,  for  a  moment,  with  its 
mouth  upwards  (which  admits  a  fresh  supply  of  cool  air),  and  then 
proceeding  as  before. 

For  the  drying  of  precipitates,  and  other  substances,  by  a  heat 
not  exceedinc^  212%  a  very  useful  apparatus  is  sold  in  London,  by 
the  makers  of  chemical  implements.  It  is  represented,  supported 
by  the  ring  of  a  lamp-stand,  by  fig.  27.     The  vessel  a  is  or  sheet- 
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iron  or  copper  japanned  and  hard-soldered ;  c  is  a  conical  vessel  of 
very  thin  glass,  having  a  rim,  which  prevents  it,  when  in  its  place, 
from  entirely  slipping  into  a;  and  a  is  a  moveable  ring,  which 
keeps  the  vessel  c  in  its  place.  When  the  apparatus  is  in  use, 
water  is  poured  into  a  about  as  high  as  the  dotted  line;  the  vessel 
Cj  containing  the  substance  to  be  dried,  is  immersed  in  the  water, 
and  secured  by  the  ring  d;  and  the  whole  apparatus  set  over  an 
Argand's  lamp.  The  steam  escapes  by  means  of  the  chimney  6, 
through  which  a  little  hot  water  may  be  occasionally  poured,  to  sup- 
ply the  waste  by  evaporation.  By  changing  the  shape  of  c  to  the  seg- 
ment of  a  sphere,  still  retaining  the  rim,  I  have  found  it  a  most 
convenient  vessel  for  evaporating  fluids.  For  the  purpose  of  de- 
priving organic  substances  of  water  without  decomposing  them, 
they  may  be  exposed  to  a  temperature  of  212°  Fahr.  in  a  vacuum 
with  sulphuric  acid..  An  ingenious  apparatus  for  this  purpose,  in- 
vented by  Dr.  Prout,  is  described  in  the  Annals  of  Philosophy, 
voL  vi.  p.  £72;  and  a  simple  and  useful  contrivance  for  the  same 
purpose,  by  Mr.  Cooper,  is  described  in  a  subsequent  part  of  this 
work.  (See  the  chapter  *'On  Vegetable  Substances.") 

Accurate  beams  and  scales,  of  various  sizes,  with  corresponding 
weights,  some  of  which  arc  capable  of  weighing  several  pounds, 
while  the  smaller  size  ascertains  a  minute  fraction  of  a  grain,  are 
essential  instruments  in  the  chemical  laboratory.  A  simple  addi- 
tion to  the  balance,  known  to  all  philosophical  instrument  makers, 
fits  it  for  taking  the  specific  gravities  of  solids.  The  method  of 
doing  this  will  be  descril)ed  in  Art.  1,  of  the  chapter  in  vol.  ii. 
**()n  Chemical  Analysis."  A  balance  of  great  accuracy  and  sen- 
sibility, and  at  the  same  time  attainable  at  a  moderate  expense,  has 
been  invented  by  Captain  Kater.  It  is  described  in  the  Quarterly 
Journal,  xi.  280,  and  xii.  40.  Mortars,  also,  should  be  at  hand,  of 
various  materials,such  as  glass,porcelain,  agate, and  metal.  Wooden 
stands  too?  ^f  various  kinds,  for  supporting  receivers,  should  be 
provided.*  For  purposes  of  this  sort,  and  for  occasionally  raising 
to  a  proper  height  any  article  of  apparatus,  a  series  of  blocks, 
made  of  w^ell-seasoned  wood,  eight  inches  (or  any  other  number,) 
scjuare,  and  respectively  eight,  four,  two,  one,  and  half  an  inch 
in  thickness,  will  be  found  extremely  useful;  since,  by  combining 
them  in  different  ways,  thirty-one  different  heights  may  be  ob- 
tained. 

The  blow-pipe  is  an  instrument  of  much  utility  in  chemical  re- 
searches. A  small  one,  invented  by  Mr.  Pepys,  with  a  flat  cylin- 
drical box  for  condensing  the  vapour  of  the  breath,  and  for  con- 
taining caps,  to  be  occasionally  applied  with  apertures  of  various 
sizcv  is  a  commodious  form;t  but  the  blow-pipe  of  Gahn  is  gene- 
rally employed  by  those  who  are  most  skilful  in  the  use  of  this  in- 
strument. One  of  a  much  smaller  size,  for  carrying  in  a  pocket- 
book,  has  been  contrived  by  Dr.  Wollaston.  f    A  blow-pipe,  which 

•  Sec  Aikin's  Chcm.  Diet.  pi.  iv.  fig.  59,  f. 
t  Sec  Aikin's  Chcm.  Diet.  pi.  vii.  figs.  71,  72,  72, 

i  It  if  described  in  Nicb.  Journ.  xv.  384.  Sec  also  pi.  x.  at  tbc  end  of  this 
vokime. 
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is  supplied  with  air  from  a  pair  of  double  bellows,  worked  by  the 
foot  (Phil.  Mag.  xliii.  280),  may  be  applied  to  purposes  that  re- 
quire both  hands  to  be  left  at  liberty,  and  will  be  found  useful  in 
blowing  glass,  and  in  bending  tubes.  The  latter  purpose,  however, 
may  be  accomplished  by  holding  them  over  an  Argand's  lamp  with 
double  wicks ;  or  in  the  flame  of  a  spirit-lamp,  the  wick  of  which 
should  be  of  the  thickness  of  a  finger.  A  simple  and  ingenious  ap^ 
paratus,  in  which  atmospheric  air  is  expelled  from  a  jet  by  the 
pressure  of  a  column  of  water,  is  described  by  Mr.  Tilley  in  the 
43d  vol.  of  the  Philosophical  Magazine.  Another  contrivance  of 
a  similar  kind,  recommended  by  Dr.  Clarke  in  the  Annals  of  Phi- 
losophy, N.  S.  i.  4£8,  is  sold  in  London  under  the  name  of  Toft's 
Blow-pipe,  l)Ut  it  appears  to  me  objectionable  on  account  of  the 
room  which  it  occupies.  Occasionally,  when  an  intense  heat  is  re- 
quired, the  flame  of  the  blow-pipe,  instead  of  being  supported  by 
the  mouth  or  by  common  air,  may  l)e  kept  up  by  a  stream  of  oxy- 
gen gas,  expelled  from  a  bladder  or  from  a  gas-holder.*  The  blow- 
pipe invented  l>y  Mr.  Brooke  consists  of  a  small  square  box  of  cop- 
per or  iron,  into  which  air  is  forced  by  a  condensing  syringe,  and 
from  which  it  is  suffered  to  rush,  through  a  tube  of  very  small 
aperture,  regulated  by  a  stop-cock,  against  the  flame  of  a  lamp  or 
candle. t  By  means  of  a  screw  added  to  the  syringe,  the  receiver 
may  be  filled  with  oxygen  gas,  or,  as  will  be  described  hereafter^ 
with  a  mixture  of  hydrogen  and  oxygen  gases.  Blow-pipes  on  this 
construction  may  be  had  of  the  makers  of  philosophical  instru- 
ments. The  application  of  the  blow-pipe  to  chemical  analysis,  .and 
especially  to  the  examination  of  minerals,  maybe  best  learned  from 
the  ample  and  perspicuous  directions  contained  in  Berzelius's  TVeoH 
Hsc  on  the  Use  of  the  Blouj-pipe,  in  one  vol.  8vo.  translated  by  Mr. 
Children.  In  the  plates  to  that  work,  all  the  best  forms  of  the  in- 
strument are  represented. 

In  the  course  of  this  work,  various  other  articles  of  apparatus  will 
be  enumerated,  in  detailing  the  purposes  to  which  they  are  adapted, 
and  the  principles  on  which  they  are  constructed.  It  must  be  re- 
membered, however,  that  it  is  no  part  of  my  object  to  describe 
every  ingenious  and  complicated  invention,  which  has  been  em- 
ployed in  the  investigation  of  chemical  science;  but  merely  to  assist 
the  student  in  attaining  apparatus  for  general  and  ordinary  pur- 
poses. For  such  purposes,  and  even  for  the  prosecution  of  new 
and  important  inquiries,  very  simple  means  arc  sufficient;  and 
some  ol  the  most  interesting  chemical  facts  may  be  exhibited,  and 
even  ascertained,  with  the  aid  merely  of  Florence  flasks,  of  com- 
mon vials,  and  of  wine  glasses.  In  converting  these  to  the  pur- 
poses of  apparatus,  a  considerable  saving  of  expense  will  accrue 
to  the  ixporimentalist;  and  he  will  avoid  the  encumbrance  of  va- 
rious instruments,  the  value  of  which  consists  in  show,  rather  than 
in  real  utility. 

•  Sec  a  representation  of  ihc  apparatus  for  this  purpose  in  the  Chemiciil  Con- 
versations, pi.  ix. 

t  Thomson's  Aniial  J,  \ii   ?cr .  "r  (luurtcrly  Journal,  i  OS. 
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SECTION  II. 

Cf  the  fSppatatuB  for  Experiments  an  the  Gases. 

Fos  performing  the  necessary  experiments  on  gases,  many  ar- 
ticles of  apparatus  are  essential,  that  have  not  hitherto  been  de'- 
scribed,  it  m|iy  assist  the  student  in  obtaining  the  necessary  in- 
struments, if  a  few  of  the  most  essential  be  here  enumerated.  In 
this  place,  however,  I  shall  mention  such  only  as  are  necessary  in 
makmg  a  few  general  experiments  on  that  interesting  class  of 
bodies. 

The  apparatus,  required  for  experiments  on  gases,  consists 
partlf  of  vessels  fitted  for  containing  the  materials  that  afford  them, 
and  partly  of  vessels  adapted  for  the  reception  of  gases,  and  for 
submitting  them  to  experiment 

1.  For  procuring  such  gases  as  arc  producible  without  a  very 
strong  heat,  glass  bottles,  furnished  with  ground  stoppers  and  bent 
tubes,  are  sufficient  (plate  ii.  fig.  18).  Of  these,  several  will  be  re- 
quiredt  of  different  sizes  and  shapes,  adapted  to  different  purposes. 
If  these  cannot  be  procured,  a  Florence  flask,  with  a  cork  perfo- 
rated by  a  bent  glass  tube,  or  even  by  a  leaden  pipe,  will  serve  for 
obtaining  some  of  the  gases. 

Those  gases,  that  require  a  red  heat  for  their  liberation,  may  be 

Sirocurcd  by  exposing  to  that  degree  of  heat  the  substance  capa- 
le  of  affording  them,  in  earthen  rrtorts  or  tubes;  or  in  a  gun  bar- 
rel, the  touch-hole  of  which  has  been  accurately  plugged  by  an 
iron  pin.  To  the  mouth  of  the  barrel  must  be  affixed  a  glass  tube, 
bent  so  as  to  convey  the  gases  wherever  they  may  be  requisite. 

A  very  convenient  apparatus,  for  obtaining  such  gases  as  can- 
not be  disengaged  without  a  red  heat,  is  sold  at  the  shops  for  phi- 
losophical apparatus  in  London.  It  consists  of  a  cast-iron  retort, 
having  a  jointed  metallic  conducting  tube  fitted  to  it  by  grinding; 
by  means  of  which  the  gas  may  be  conveyed  in  any  direction,  and 
to  any  moderate  distance.  It  is  represented  as  placed,  when  in  ac- 
tual use,  between  the  bars  of  a  common  fire-grate  (plate  ix.  fig, 

2.  For  receiving  the  gases,  glass  jars,  of  various  sizes  (figs.  22, 
23),  are  required,  some  of  which  should  be  furnished  with  necks  at 
the  to|),  fitted  with  ground  stoppers.  Others  should  be  provided 
with  brass  caps,  and  screws,  for  the  reception  of  air-cocks  (fig.  22). 
Of  these  last  (the  air-cocks),  several  will  be  found  necessary;  and, 
to  some  of  them,  bladders,  or  rlastic  bottks,  should  be  firmly 
tied,for  the  purpose  of  transferring  gases.  These  jars  will  also  be 
found  extremely  useful  in  experiments  on  the  properties  and  effects 
of  the  gasc&.  Some  of  them  should  be  graduated  into  cubical 
inches.  It  is  important  that  jars  used  for  containing  gases  should 
be  perfectly  free  from  cracks,  through  which,  even  when  scarcely 
perceptible,  some  of  the  gases,  especially  hydrogen,  have  been 
found  by  Doebertinei  t.,  cscipe  'Aim.  de  C'h.  itde  IMivs.  xxiv. 
332). 
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To  contain  these  jars,  when  in  use,  a  vessel  will  be  necessary, 
capable  of  holding  a  few  gallons  of  water.  This  may  either  be  of 
wood,  if  of  considerable  size;  or,  if  small,  of  tin,  japanned  or 
painted.  Plate  iv.  fig.  41,//*,  exhibits  a  section  of  this  apparatus, 
which  has  been  termed  the  pneumato-chemical  trough,  or  pneu- 
ipatic  cistern.  Its  size  may  vary  with  that  of  the  jars  employed; 
and,  about  two  or  three  inches  from  the  top,  it  should  have  a  shelf, 
on  which  the  jars  may  be  placed,  when  filled  with  air,  without  the 
risk  of  being  overset.  In  this  shelf  should  be  a  few  small  holes, 
to  which  inverted  funnels  may  be  soldered. 

Tubes  of  various  forms  and  sizes,  some  of  them  accurately  gra- 
duated into  hundredths,  and  others  into  tenths,  of  a  cubic  inch, 
(see  Faraday  on  Manip.  $  112,)  are  quite  essential  to  those  who 
work  much  on  gaseous  substances.  Beside  these,  the  experiment- 
alist should  be  furnished  with  air-funnels  (fig.  19),  for  transferring 
gases  from  wide  to  narrow  vessels. 

An  apparatus,  almost  indispensable  in  experiments  on  this  class 
of  bodies,  is  a  gazometer,  which  enables  the  chemist  to  collect 
and  to  preserve  large  quantities  of  gas,  with  the  aid  of  only  a  few 
pounds  of  water.  In  the  form  of  this  apparatus  there  is  considera- 
ble variety;  but,  at  |ft*csent,  I  have  no  other  view  than  that  of  exr 
plidning  its  general  construction  and  use.  It  consists  of  an  outer 
nxed  vessel  a  (plate  iv.  fig.  35),  and  an  inner  moveable  one,  c,  both 
of  japanned  iron.  The  latter  slides  easily  up  and  down  within  the 
other,  and  is  suspended  by  cords  passing  over  pulleys,  to  which 
are  attached  the  counterpoises,  ee.  To  avoid  the  encumbrance  of 
a  great  weight  of  water,  the  fixed  vessel  d  is  made  double,  or  is 
composed  of  two  cylinders,  the  iimcr  one  of  which  is  closed  at  the 
top  and  at  the  bottom.  The  space  of  only  about  half  an  inch  is 
left  between  the  two  cylinders,  as  shown  by  the  dotted  lines.  In  this 
space  the  hollow  vessel  c  may  move  freely  up  and  down.  The  in- 
terval is  filled  with  water  as  high  as  the  top  of  the  inner  cylinder. 
The  cup,  or  rim,  at  the  top  of  the  outer  vessel,  is  to  prevent  the 
water  from  overflowing,  when  the  vessel  c  is  forcibly  pressed  down, 
in  which  situation  it  is  placed  whenever  gas  is  about  to  be  collected. 
The  gas  enters  from  the  vessel  in  which  it  is  produced,  by  the 
communicating  pipe  &,  and  passes  along  the  perpendicular  pipe 
marked  by  dotted  lines  in  the  centre,  into  the  cavity  of  the  vessel 
f,  which  continues  rising  till  it  is  full,  when  it  is  stopped  by  the 
cross  bar  to  which  the  pullics  are  attached. 

To  transfer  the  gas,  or  to  apply  it  to  any  purpose,  the  cock  b  is 
to  be  shut,  and  an  empty  bladder,  or  bottle  of  elastic  gum,  furnish- 
ed with  a  stop  cock,  to  be  screwed  on  a.  When  the  vessel  c  is 
pressed  down  by  the  hand,  the  gas  passes  down  the  central  pipe, 
which  it  had  before  ascended,  and  its  escape  at  b  being  prevented, 
it  finds  its  way  up  a  vertical  pipe,  which  is  fixed  to  the  outer  sur- 
face of  the  vessel,  and  which  is  terminated  by  the  cork  a.  By 
means  of  an  ivory  mouth-piece  screwed  upon  this  cock,  the  gas,  in- 
cluded in  the  instrument,  maybe  respired,  the  nostrils  being  closed 
by  the  Bngers.  When  it  is  required  to  transfer  the  gas  into  glass 
jars  standing  inverted  in  water,  a  crooked  tube  may  be  employed, 
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c»nc  end  of  which  is  screwed  upon  the  cock  by  wliile  the  other  aper- 
ture is  brought  under  the  inverted  funnel,  fixed  into  the  shelf  of  the 
pneumatic  trough.    (See  fig.  41,  c.) 

Several  alterations  have  been  made  in  the  form  of  this  appara- 
tus, but  they  are  principally  such  as  add  merely  to  its  neatness  and 
beauty,  and  not  to  its  utility ;  and  they  render  it  less  easy  of  expla- 
nation. The  counterpoises  ee  are  now,  for  example,  generally  con- 
cealed in  the  framing,  and  the  moveable  vessel  c  is  frequently  made 
of  glass.  In  some  delicate  experiments  of  research,  it  may  be  ne- 
cessary to  obtain  a  current  of  gas,  issuing  with  an  uniform  velocity, 
and  under  a  pressure  constantly  the  same.  Such  an  apparatus  was 
employed  by  Delaroche  and  Berard  in  their  researches  into  the 
specific  heat  of  the  gases.  (Ann.  de  Chim.  Ixxxv.  224.)  Its  prin- 
ciple is  explained  by  M.  Biot  in  his  Trait6  de  Physique,  tome  I. 

When  lai^  quantities  of  gas  arc  required  (as  at  a  public  lec- 
ture), the  gas-holder  (plate  iv.  fig.  S6,)  will  be  found  extremely 
useful.  It  IS  made  of  tinned  iron  plate,  japanned  both  within  and 
without.  Two  short  pipes,  a  and  c,  terminated  by  cocks,  proceed 
from  its  sides,  and  another,  6,  passes  through  the  middle  of  the 
top  or  cover,  to  which  it  is  soldered,  and  reaches  within  half  an 
inch  of  the  bottom.  It  will  be  found  convenient  also  to  have  an  air 
cock,  with  a  very  wide  bore,  fixed  to  the  funnel  at  b.  When  gas  is 
to  be  transferred  into  this  vessel  from  the  gazonioter,  the  vessel  is 
first  completely  filled  with  water  through  the  funnel,  the  cock  a 
bciFig  left  open,  and  c  shut.  By  means  of  a  horizontal  pipe,  the 
aperture  a  is  connected  with  a  of  the  gazometer*  The  cock  w  being 
shut,  a  and  r  are  opened,  and  the  vessel  c  of  the  gazometer  (fig. 
Cij^j  gently  pressed  downwards  with  the  hand.  The  gas  then  de- 
scends from  the  gazoniet<»r  till  the  air-holder  is  full,  which  may  be 
known  by  the  water  rcasing  to  escape  through  the  cock  r.  All  the 
corks  are  then  to  be  shut,  and  the  vessels  disunited.  To  apply  this 
ga.s  to  any  purpose,  an  empty  bladder  may  be  screwed  on  f/,  and 
water  being  poured  through  the  funnel />,  a  corresponding  quantity 
of  gas  is  forced  into  the  l)ladder.  By  lengthening  the  pipe  6,  the 
pressure  of  a  column  of  water  may  be  added;  and  the  gas  being 
forced  through  a  with  consideral)le  velocity,  may  be  applied  to  the 
purpose  of  a  l)low-pipe.  Sec.  Sec.  The  apparatus  admits  of  a  va- 
riety of  modifications.  The  most  useful  one  appears  to  me  to  be 
that  contrived  by  Mr.  Pepys,  consisting  chieily  in  the  addition  of 
a  shallow  cistern  (*\  plate  ix.  fig.  85,)  to  the  top  of  the  air-holder, 
and  of  a  glass  registrr  tube,  J\  which  shows  the  height  of  the  wa- 
ter, and  const'(jut'ntly  the  (pianlity  of  gas,  in  the  vessel.  A  more 
minute  account  of  it  will  be  given  in  the  description  of  the  ninth 
plati*.* 

The  gazometer,  already  dcscri?)ed,  is  fitted  only  for  the  reception 
of  gases  that  are  confinablc  by  \xater;  because  (juicksilver  would 
aci  on  the  tinning  and  solder  of  the  vessel,  and  wouhl  not  only  b<» 
spoiled  itself,  but  would  destroy  the  apparatus.    Yet  an  instrument 

*  Descriptions  and  fignres  of  improved  p^s-hoKIcn  may  be  seen  also  in  the 
iStb*  24th»  27tliv  and  44th  fols.  of  the  Philosophical  Magazine. 
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of  this  kind,  in  which  mercury  can  be  employed,  is  peculiarly  de- 
sirable, on  account  of  the  great  weight  of  that  fluid,  which  makes 
the  employment  of  large  quantities  of  it  both  inconvenient  and 
costly;  and  two  varieties  of  the  mercurial  gazometer  have  there- 
fore been  invented.  The  one,  of  glass,  is  the  contrivance  of  Mr. 
Clayfield,  and  is  represented  in  the  plate  prefixed  to  Sir  H.  Davy's 
8vo.  vol.  of  Researches,  published  in  1800.  In  the  other,  invented 
by  Mr.  Pepys,  the  cistern  for  the  mercury  is  of  cast  iron.  A  draw- 
ing and  description  of  it  may  be  found  in  the  5th  vol.  of  the  Phi- 
losophical Magazine;  but,  as  neither  of  these  instruments  are  es- 
sential to  the  chemical  student,  and  as  they  are  required  only  in 
experiments  of  research,  I  deem  it  sufHcieut  to  refer  to  the  minute 
descriptions  of  their  respective  inventors.  Mr.*Newman  has  lately 
joined  a  gazometer  of  this  kind  to  an  improved  and  most  useful 
mercurial  trough,  by  means  of  which  the  advantages  of  both  are 
obtained  with  only  60  or  70  pounds  of  quicksilver.  A  description 
and  drawing  of  this  apparatus  is  given  in  the  Quarterly  Journal  of 
Science,  i.  186.  (See  also  pi.  x.,  and  the  Description  of  the  Plates, 
at  the  end  of  this  volume.) 

For  th«6e  gases  that  are  absorbed  by  water,  a  mercurial  trough 
is  necessary.  For  the  mere  exhibition  of  a  few  experiments  on 
these  condensable  gases,  a  small  wooden  trough,  eleven  inches 
long,  two  wide,  and  two  deep,  cut  out  of  a  solid  block  of  mahoga- 
ny, is  sufficient;  but,  for  experiments  of  research,  one  of  cast  iron, 
of  considerable  size,  is  required.    (See  plate  iii.  fiff.  SI, /jyi) 

The  apparatus,  required /or  submiUini^  gases  to  the  adton  &f  decr 
tricity^  is  shown  in  plate  ix.  Rg.  84,  where  a  represents  the  nob  of 
the  prime  conductor  of  an  electrical  machine ;  o  a  Leyden  jar,  the 
ball  of  which  is  in  contact  with  it,  as  when  in  the  act  of  charging; 
and  c  the  tube  standing  invcrlcd  in  mercury,  and  partly  filled  with 
gas.  The  mercury  is  contained  in  a  strong  wooden  box  d,  to  which 
is  screwed  the  upright  iron  pillar  <?,  with  a  sliding  collar  for  secur- 
ing the  tube  c  in  a  perpendicular  position.  When  the  jar  6  is  charg- 
ed to  a  certain  intensity,  it  discharges  itself  between  the  nob  a  and 
the  small  ball  i,  which,  with  the  wire  connected  with  it,  may  be 
occasionally  fitted  on  the  top  of  the  tube  c.  The  strength  of  the 
shocks  is  regulated  by  the  distance  Ijctween  a  and  t.  By  the  same 
apparatus,  inflammable  mixtures  of  gases  may  be  exploded  by 
electricity.  In  this  case,  however,  the  jar  b  is  unnecessary,  a  spark 
received  by  i  from  a  being  sufi'icient  to  kindle  the  mixture. 

The  method  o(  ireii^hitu:  gases  is  very  simple,  and  easily  practis- 
ed. For  this  purpose,  however,  it  is  necessary  to  be  provided  with 
a  good  air-pump,  and  with  a  globe  or  flask,  furnished  with  a  brass 
cap  and  air-cock,  as  shown  iig.  iii,  b,  A  graduated  receiver  is 
also  required,  to  which  an  air-cock  is  adapted,  as  shown  at  fig. 

Supposing  the  receiver  a  to  be  filled  with  any  gas,  the  weight  of 
which  is  to  be  ascertained,  we  screw  the  cock  of  the  vessel  b  on 
the  transfer  plate  of  an  air-pump,  and  exhaust  it  as  completely  as 
possible.  The  weight  of  the  exhausted  vessel  is  then  very  accu- 
rately taken,  (.ven  to  :i  sniull  fraction  of  a  grain,  and  it  is  sci*ewed 
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Upon  the  air-cock  of  the  receiver  a.  On  opening;  both  cocks,  the 
last  of  which  should  be  turned  very  gradually,  the  gas  ascends  from 
the  vessel  a,  and  the  qliantity  which  enters  into  the  Hask  is  known 
by  the  graduated  scale  on  a.  On  weighing  the  vessel  a  second  time, 
we  ascertain  how  many  grains  have  been  admitted.  If  we  have 
operated  on  common  air^  we  shall  find  its  weight  to  be  at  the  rate 
01  about  30.5  or  31  grains  to  100  cubical  inches.  The  same  quan- 
tity of  oxygen  gas  will  weigh  about  34  grains,  and  of  carbonic  acid 
gas  upwards  of  47  grains 

In  experiments  of  this  kind  it  is  necessary  cither  to  operate  with 
the  barometer  at  30  inches,  and  the  thermometer  at  C)i)°  Fahrenheit, 
or  to  reduce  the  volume  of  gas  employed  to  that  pressure  and  tem- 
perature, by  rules  which  will  presently  be  given.  Cireat  care  is  to 
be  taken,  also,  not  to  warm  any  of  the  vessels  by  contact  with  the 
hands,  from  which  they  should  be  defended  by  a  glove.  On  open- 
ing the  communication  between  the  receiver  and  the  exhausted 
glolie,  if  any  water  be  lodged  in  the  air-cock  attached  to  the  for- 
mer, it  will  lie  forcibly  driven  into  the  globe,  and  the  experiment 
will  be  frustrated.  This  may  be  avoided  by  using  great  care  in 
filling  the  receiver  with  water,  before  passing  into  it  Uie  gas  under 
examination. 

The  specific  gravity  of  any  gas  compared  with  common  air  is 
readily  known,  when  we  have  once  determined  its  absolute  weight. 
Thus,  if  100  cubic  inches  of  air  weigh  30.5  grains,  and  the  same 
quantity  of  oxygen  gas  weighs  34  grains,  we  say, 

Sik3  :  34  :  :  l.O(K)  :  1.1147. 
The  specific  gravity  of  oxygen  gas  will  therefore  be  as  1.1147  to 
1.000.  We  may  determine,  also,  the  specific  gravity  of  gases, more 
simply,  by  weighing  the  flask,  first  when  full  of  common  air,  and 
again  when  exhausted;  and  afterwards  by  admitting  into  it  as  much 
of  the  gas  under  examination  as  it  will  receive;  and  weighing  it  a 
third  time.  Now,  as  the  loss  between  the  first  and  second  weigh- 
ing is  to  the  gain  of  weight  on  admitting  the  gas,  so  is  common  air 
to  the  gas  whose  specific  gravity  wc  are  estimating.  Supposing,  for 
example,  that  by  exhausting  the  flask  it  loses  30.5  grains,  and  that, 
by  admitting  carbonic  acid,  it  gains  47;  then 

30.5  :  47  :  :  1.000  :  1.5409. 
The  specific  gravity  of  carbonic  acid  is  therefore  1.5409,  air  being 
taken  at  1.000.  And,  knowing  its  specific  gravity,  we  can,  without 
any  farther  experiment,  determine  the  weight  of  100  cubic  inches 
of  carbonic  acid ;  for  as  the  specific  gravity  of  air  is  to  that  of  car- 
bonic acid,  so  is  30.5  (or  any  other  more  accurate  weight  of  100 
inches  of  air)  to  the  number  required ;  or 

1.0(K)  :  1.J409  : :  30.5  :  47. 
One  hundred  inches  of  carbonic  acid,  therefore,  will  weigh  47 
grains. 

Previously  to  undertaking  experiments  on  other  gases,  it  may  be 
well  for  an  unpractised  experimentalist  to  acquire  manual  dexterity 
by  transferring  common  air  from  one  vessel  to  others  of  different 
in  the  following  manner: 

1.  When  a  glass  jar,  closed  a*  one  end,  is  filled  with  water,  and 
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held  with  its  mouth  downwards,  in  however  small  a  quantity  of 
water,  the  fluid  is  retained  in  its  place  by  the  pressure  of  the  at-* 
mosphere  on  the  surface  of  the  exterior  water.  Fill  in  this  man* 
ner,  and  invert,  on  the  shelf  of  the  pneumatic  trough,  one  of  the 
jars,  which  is  furnished  with  a  stopper  (fig.  23.).  The  water  will 
remain  in  the  jar  so  long  as  the  stopper  is  closed;  but  immediately 
on  removing  it,  the  water  will  descend  to  the  same  level  within 
as  without;  for  it  is  now  pressed  equally  upwards  and  downwards 
by  the  atmosphere,  and  falls  therefore  in  consequence  of  its  own 
gravity. 

2,  Place  the  jar,  filled  with  water  and  inverted,  over  one  of  the 
funnels  of  the  shelf  of  the  pneumatic  trough.  Then  take  another 
jar,  filled  (as  it  will  be  of  course)  with  atmospherical  air.  Place 
the  latter  with  its  mouth  on  the  surface  of  the  water;  and,  on  press- 
ing it  in  the  same  position  below  the  surface,  the  included  air  will 
remain  in  its  situation.  Bring  the  mouth  of  the  jar  beneath  the  fun- 
nel in  the  shelf,  and  incline  it  gradually.  The  air  will  now  rise  in 
bubbles,  through  the  funnel,  into  the  upper  jar,  and  will  expel  the 
water  from  it  into  the  trough. 

3.  Let  one  of  the  jars,  provided  with  a  slop-cock  at  the  top,  be 
placed  full  of  air  on  the  shelf  of  the  trough.  Screw  upon  it  an 
empty  bladder;  open  the  communication  between  the  jar  and  the 
bladder,  and  press  the  former  into  the  water.  The  air  will  then 
pass  into  the  bladder  till  it  is  filled ;  and,  when  the  bladder  is  re- 
moved from  the  jar,  and  a  pipe  screwed  upon  it,  the  air  may  be 
again  transferred  into  a  jar  inverted  in  water. 

For  the  purpose  of  transferring  gases  from  a  wide  vessel  stand- 
ing over  water,  into  a  small  tube  filled  with  and  inverted  over 
mercury,  I  have  long  used  the  following  simple  contrivance  of  Mr. 
Cavendish.  A  tube,  eight  or  ten  inches  long,  and  of  very  small  di- 
ameter, is  drawn  out  to  a  fine  bore,  and  bent  at  this  end,  so  as  to 
resemble  the  italic  letter  /.  The  point  is  then  immersed  in  quick- 
silver, which  is  drawn  into  the  tube  till  it  is  filled,  by  the  action  of 
the  mouth.  Placing  the  finger  over  the  aperture  at  tlie  straight  end, 
the  tube  filled  with  quicksilver  is  next  conveyed  through  the  water, 
with  the  bent  end  uj)permost,  into  an  inverted  jar  of  gas.  When 
the  finger  is  removed,  the  quicksilver  falls  from  the  tube  into  the 
trough,  or  into  a  cup  placed  to  receive  it,  and  the  tube  is  filled  with 
the  gas.  The  whole  ol  the  quicksilver,  however,  must  not  be  allow- 
ed to  escape;  but  a  column  must  be  left,  a  few  inches  long,  and 
must  be  kept  in  its  place  by  the  finger.  Remove  the  tube  from  the 
water;  let  an  assistant  dry  it  with  a  towel  or  with  blotting  paper; 
and  introduce  the  point  of  the  bent  end  into  the  aperture  of  the 
tube  standing  over  quicksilver.  On  withdrawing  the  finger  from 
that  a])erture  which  is  now  uppennost,  the  pressure  of  the  column 
of  quicksilver,  added  to  the  weight  of  the  atmosphere,  will  force 
the  gas  from  the  bent  tube  into  the  one  standing  in  the  mercurial 
trough. 

On  every  occasion,  when  it  is  necessary  to  observe  the  precise 
quantity  of  gas^  at  the  commenceniont  and  close  of  an  experiment, 
it  is  essential  that  the  barometer  and  thermometer  should  exactly 
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correspond  at  both  periods.  An  increased  temperature,  or  A  fall 
of  the  barometer,  au^ents  the  apparent  quantity  of  gas;  and  a 
reduced  temperature,  or  a  higher  barometer,  diminishes  its  bulk* 
Another  circumstance,  an  attention  to  which  is  indispensable  in  all 
accurate  experiments,  is  that  the  surface  of  the  Huid,  by  which  the 
gas  is  confined,  should  be  precisely  at  the  same  level  within  and 
without  the  jar.  If  the  fluid  be  higher  within  the  jar,  the  contain- 
ed gas  will  be  under  a  less  pressure  than  that  of  the  atmosphere, 
the  weight  of  which  is  counterpoised  by  that  of  the  column  of  fluid 
within.  In  mercury,  this  source  of  error  is  of  very  considerable 
amount;  as  any  person  may  be  satisfied  by  raising,  above  the  sur- 
face of  the  quicksilver  of  a  trough,  a  tube  partly  filled  with  that 
fluid,  and  partly  with  air,  for  the  volume  of  the  air  will  enlarge  as 
the  surface  of  the  mercury  within  the  tube  is  elevated  above  the 
outer  surface. 

In  experiments  on  gases,  it  is  not  always  possible  to  begin  and 
conclude  an  experiment  at  precisely  the  same  temperature,  or  with 
the  same  height  of  the  barometer;  or  even  to  bring  the  mercury 
within  and  without  the  receiver  to  the  same  level.  In  these  cases^ 
therefore,  calculation  becomes  necessary;  and,  with  the  view  of 
comparing  results  more  readily  and  accurately,  it  is  usual  to  reduce 
quantities  of  gas  to  the  bulk  they  would  occupy  under  a  given 
pressure^  and  at  a  given  temperature.  In  this  country,  it  is  now 
customary  to  assume  as  a  standard  30  inches  of  the  barometer,  and 
60'  of  Fahrenheit's  thermometer,  and  to  bring  to  these  standards 
observations  made  under  other  degrees  of  atmospheric  pressure 
and  temperature.  The  rules  for  these  corrections,  which  are  suflV- 
cicntly  simple,  are  the  following: — 

Pules  for  retiuring  the  Volume  of  Ganes  to  a  mean  Ilciglit  of  the  Bo* 

rometen  and  mean  Temperature, 

I.  Frtnn  the  ftpace^  occupied  by  any  quantity  of  v^us  under  an  olh 
serced  degree  of  pressure^  to  infer  what  itn  volume  tvould  be  tmder  the 
mean  height  of  the  barometer^  takins;  thin  at  ?>i)  inches^  as  is  now  most 
usiwL 

This  is  done  by  the  rule  of  proportion;  for,  as  the  mean  height 
is  to  the  observed  height,  so  is  the  observed  volume  to  the  volume 
required.  For  example,  if  we  wish  to  know  what  space  would  be 
filled,  under  a  pressure  of  30  inches  of  mercury,  by  a  quantity  of 
gas,  which  fills  100  inches,  when  the  barometer  is  at  29  inches, 

30  :  29  :  :   100  :  OaOti. 
The  100  inches  would,  therefore,  be  reduced  to  96.66. 

a.  To  estimate  what  would  be  the  volume  of  a  portion  of  gas,  y 
brought  to  any  required  temperature. 

If  the  temperature  of  the  gas  is  above  32'-'  Fahrt.  multiply  its 
total  volume  by  480,  and  divide  the  product  by  480  plus  the  num- 
ber of  degrees  that  the  temperature  of  the  gas  exceeds  32°  Fahren- 
heit. By  this  process,  we  obtain  the  space  that  the  gas  would  oc« 
capy  at  32®  Fahrenheit. 

Vol.  I.  K 
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To  determine  its  volume  at  any  other  temperature^  add  -^^  of 
the  volume  at  32°  for  each  degree  that  the  temperature  requirdi 
exceeds  32^  Fahrenheit. 

Thus,  to  find  what  space  100  cubic  inches  of  gas  at  50^  would 

100x480 

occupy  if  raised  to  60,  ^^^^  .  ^g   b  96.4  ^  the  volume  at  SS^. 

96.4X38 
And  96.4  + — jgj-  »  102,  the  volume  at  60^ 

3.  In  some  cases,  it  is  neccssarv  to  make  a  double  correction,  or 
to  bring  the  gas  to  a  mean  both  of  the  barometer  and  thermometer. 
We  must  then  first  correct  the  temperature,  and  afterwards  the 
pressure.  Thus  to  know  what  space  100  inches  of  gas  at  50^  Fah- 
renheit, and  29  inches  barometer,  would  fill  at  60°  Fahrenheit  and 
30  inches  barometer,  we  first  convert  the  100  inches,  by  the  second 
process,  to  102.    Then  by  the  first, 

30  :  29  :  :  102  :  98.6. 
Or  100  inches  thus  corrected,  would  be  only  98.6. 

4.  To  ascertain  what  toouU  be  the  absolute  weight  of  a  Kiven  vfh 
htmeofgas  at  a  mean  temperature^  from  the  known  toeighttfan  equal 
volume  at  any  other  temperature;  first,  find  by  the  second  process 
what  would  be  its  bulk  at  a  mean  temperature ;  and  then  say,  as 
the  corrected  bulk  is  to  the  actual  weight,  so  is  the  observed  bulk 
to  the  number  required.  Thus  if  we  have  100  cubic  inches  of  gas 
weighing  50  grains  at  50°  Fahrenheit,  if  the  temperature  were  raised 
to  60%  they  would  expand  to  102.    And 

102  :  50  :  :  100  :  49.02. 
Therefore  100  inches  of  the  same  gas  at  60°  would  weigh  49.02 
grains. 

5.  To  learn  the  absolute  weight  of  a  given  volume  of  gas  under  a 
mean  pressure^  from  iis  known  weight  under  an  observed  pressure^  say, 
as  the  observed  pressure  is  to  the  mean  pressure,  so  is  the  observ- 
ed weight  to  the  corrected  weight.  For  example,  having  100  inches 
of  gas  which  weigh  50  grains  under  a  pressure  of  29  inches,  to 
know  what  100  inches  of  the  same  gas  would  weigh,  the  barometer 
being  30  inches, 

29  :  SO  :  :  50  :  51.72. 
Then  100  inches  of  the  same  gas,  under  30  inches  pressure,  would 
weigh  51.72  grains. 

6.  In  some  cases  it  is  necessary  to  combine  the  two  last  calcula- 
tions. Thus,  if  100  inches  of  gas  at  50°  Fahrenheit,  and  under  29 
inches  pressure,  weigh  50  grains,  to  find  what  would  be  the  weight 
of  100  inches  at  G0°  Fahrenheit,  and  under  30  inches  of  the  ba- 
rometer, first  correct  the  temperature,  which  reduces  the  weight  to 
49.02  grains.    Then, 

29  :  30  :  :  49.02  :  50.71. 
One  hundred  inches,  therefore,  would  weigh  50.71  grains. 

Corrections  for  Moisture  in  (rases. 

Another  correction,  which  it  is  often  necessary  to  make  in  tak- 
ing the  weight  of  gases,  is  for  the  quantity  of  aqueous  vapour  dif' 
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fused  through  them*  It  ii  obvious  that  all  gases,  which  are  speci* 
fically  heavier  than  aqueous  vapour,  must  have  their  specific  gra- 
vity diminished  by  admixture  with  steam;  and,  on  the  contrary,  all 
gases  that 'are  specifically  lighter  than  steam  must  have  their  sp^ 
cific  gravity  increased  by  that  admixture.  For  the  following  for- 
mulz,  I  am  imiebted  to  Mr.  Dalton,  who  has  obligingly  stated  them 
at  my  request. 

"  At  ordinary  temperatures,  the  tension  or  elasticity  of  aqueous 
vapour  varies  from  -^  to  -^^  of  the  whole  atmospheric  pressure; 
in  the  present  case,  it  is  supposed  to  be  a  given  quantity.  The  spe- 
cific gravity  of  pure  steam  compared  with  that  of  common  air, 
under  like  circumstances  of  temperature  and  pressure,  is,  accord- 
ing to  Gay  Lussac,  as  a  620  to  1. 

Let  a  ■■  weight  of  100  cubic  inches  of  dry  common  air,  at  the 
pressure  30  inches  and  temperature  60^  Fahrenheit; ;?  a  any  vari- 
able pressure  of  atmospheric  air;  and /a  pressure  or  tension  of 
vapour  in  any  moist  gas.  Then  the  following  formulae  will  be 
found  useful  in  calculating  the  volumes,  weights,  and  specific  gra- 
vities of  dry  and  moist  gases;  putting  M  for  the  volume  of  moist 
gas;  D  for  that  of  dry  gas;  and  V  for  that  of  vapour:  all  of  the 
same  pressure  and  temperature. 

1.  M  «  D  H-  V. 

«-  ^-j^  M  «  D. 

3.  /m«V. 

4.  M=4^=i^. 

If  we  wish  to  infer  the  specific  gravity  of  any  dry  gas  from  the 
observed  specific  gravity  or  weight  of  the  same  mixed  with  va- 
pour, it  will  be  convenient  to  expound  p  by  that  particular  value 
which  corresponds  with  a,  namely  30  inches  of  mercury;  and  let 
B  K  the  specific  gravity  of  the  dry  gas,  and  to  a  the  observed  weight 
of  100  cubic  inches  of  the  moist  gas. 

Then  we  shall  have  the  following,  vix« 

5.  ?^^.  «  a  +j  X  .620  a  =  ti?. 
^••-5=7;(^-^  X.620a.) 

*  Exemplificaiiont. 

1.  98  vol  dry  air  +  2  vol.  vapour  ■■  100  vol.  of  moist  air. 

2.  Given/'  «.  30,  /  =  .5,  and  M  «■  lOa 

Then  ^^  .M  —  D,  the  dry  air,  =  9^. 

3.  And  -^  M  ■"  V,  the  vapour,  ^a»  14. 

4.  Given  D  ■»  100,  ;>  =  30,  /  =  .4. 

Then     ^        ■■  101.35,  the  moist  air. 

Given  V* '««  2,p  —  30,/  —  .3. 

*  It  is  eaij  to  tee  that  V,  in  this  and  the  other  caae%  roottly  will  denoU  a  yir- 
ImI  volume  only  5  or  such  at  would  result,  if  the  vapoor  were  condeuable  like 
without  being  convertible  into  a  liquid. 
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Then        ^     =  200,  ihe  moist  air. 

5.  Let/«.5,  s»  1.111,  ctk:  30.5,  p  OB  29.5, 

Then  ?^=^   1.111X30.5+  ^  X  .6^  X   S0.5  =.  33.64   »   w, 

which  gives  the  specific  gravity  1.103. 

6.  Let  /,  a,  and  p  as  above,  aud  t^^  ss  2.5,  corresponding  to  sp. 
gr.  0.8197. 

Th*^"  *  -  iO^S  (2-5  -  20  ^  -62  X  30.5)   =  .07266. 

The  above  formulae  apply  equally  well  if  V  be  a  permanent  gas» 
OP  any  other  vapour  beside  that  of  water,  the  specific  gravity  of  the 
gas  or  vapour  being  substituted  instead  of  .620,  that  of  steam." 

The  correction  respecting  gases,  most  frequently  required  in  the 
laboratory,  is  for  moisture;  for  it  is  scarcely  possible  to  obtain  any 
gas,  artificially  deprived  of  aqueous  vapour,  in  quantity  sufficient 
to  he  weighed  in  that  state.  It  is  better,  therefore,  to  weigh  the 
gas  charged  with  the  full  quantity  of  moisture  due  to  its  tempera- 
ture, which  it  will  soon  be,  if  allowed  to  remain  in  contact  with 
water;  and  then  to  calculate  what  would  be  the  weight  of  the  same 
▼olume,  entirely  free  from  aqueous  vapour.  This  may  be  done  by 
the  following  rule,  in  exemphfying  which  100  cubic  inches  of  moist 
atmospheric  air,  at  60Fahr.  and  30  bar.,  are  assumed  to  weigh  31 
grains.  Find  the  force  of  vapour  at  that  temperature  by  Mr.  Dal- 
ton's  table,  which  is  0.524. 

Then  30  :  0.524  :  :  100  :  1.747  =  the  volume  of  aqueous  vapour 
in  IQQ  inches  of  moist  air  at  60°. 

And  as  100  cub.  in.  of  aqueous  vapour  weigh  19  grains,  1.747 
cub.  in.  must  weigh  0.3368  grain. 

Next  from  the  weight  of  100  cub.  in.  moist  air         -         31. 

Subtract a  351^8 


30.6632 

We  have  then  the  weight  of  100  —  1.747  =  98.253  cub.  in.  dry 
sir,  viz.  30.6632  grains. 

And  98.253  :  30.6632  :  :  100  :  31.214. 

The  weight,  then,  of  100  cub.  in.  dry  air,  at  30  inches  bar.  and 
60**  Fahr.  is  31.214  grains. 

The  specific  gravity  of  any  other  gas  compared  with  common 
air  is  then  easily  determined.  For  as  the  weight  of  100  cub.  in.  6f 
dry  common  air  (whether  30.5  or  31  gr.  is  not  yet  decided),  is  to 
the  weight  of  100  cub.  in.  of  any  other  dry  gas,  so  is  unity  to  the 
number  required. 

In  the  Appendix,  vol.  ii.  the  reader  will  find  two  tables,  copied 
from  the  second  volume  of  Mr.  Dalton's  New  System  of  Chemi- 
cal Philosophy,  which  will  render  these  corrections  still  more  easy, 
snd  more  generally  applicable. 
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CHAPTER  II. 


OF    CHF.MICAL   AFFINITY. 


All  bodieSf  composing  the  material  system  of  the  universe,  have 
a  natural  tendency  to  approach  each  other,  whatsoever  may  be  the 
distances  at  which  they  are  placed.  The  operation  of  this  force 
extends  to  the  remotest  parts  of  the  planetary  system,  and  is  one  of 
the  causes  that  preserve  the  regularity  of  their  orbits.  The  smaller 
bodies,  also,  that  are  under  our  more  immediate  observation,  are 
influenced  by  the  same  power,  and  fall  to  the  Earth's  surface,  when 
not  prevented  by  the  interference  of  other  forces.  From  these  facts, 
the  existence  of  a  property  has  been  inferred,  which  has  been  call- 
ed ailradion,  or,  more  specifically,  the  attraction  of  gravitation.  Ita 
nature  is  entirely  unknown  to  us;  but  some  of  its  laws  have  been 
investigated,  and  successfully  applied  to  the  explanation  of  pheno- 
mena. Of  these,  the  most  important  are,  that  the  force  of  gravity 
acts  on  bodies  directly  in  proportion  to  the  quantity  of  matter  in 
each;  and  that  it  decreases  in  the  reciprocal  proportion  of  the 
squares  of  the  distances. 

From  viewing  bodies  in  the  aggregate,  we  may  next  proceed 
to  contemplate  them  as  composed  of  minute  particles.  These  par- 
ticles, it  is  probable,  conlist  of  solids,  which  are  incapable  of  me- 
chanical division,  but  are  still  possessed  of  the  dimensions  of  length, 
, breadth,  and  thickness.  In  simple  bodies,  the  particles  must  be  all 
of  the  same  nature,  or  homogeneoua.  In  compound  bodies,  we  are 
to  understand,  by  the  term  particles^  the  smallest  parts  into  which 
bodies  can  be  resolved  without  decomposition.  The  word  atom  has 
of  late  been  revived,  to  denote  both  these  kinds  of  particles ;  and 
we  may,  therefore,  speak  with  propriety  of  simple  atoms  and  of 
fompound  atoms.  When  two  atoms  of  different  kinds  unite  to  form 
a  third  or  compound  atom,  we  may  term  the  two  first  component 
atoms  ;  and,  if  these  have  not  been  decomposed,  they  may  be  call- 
^  eiementary  or  primary  atoms. 

The  atoms  or  particles  of  bodies  arc  also  inHuenccd  by  the  force 
of  attraction,  but  not  unless  when  placed  in  apparent  contact. 
Hence  a  distinction  has  been  made  between  gravitation,  and  that 
kind  of  attraction  which  is  eiTcctivc  only  at  insensible  distances. 
The  latter  has  been  called  contiguous  attraction  $  and  it  has  been 
distinguished,  as  it  is  exerted  -  between  particles  of  matter  of  the 
mane  kind,  or  between  particles  of  a  different  kind. 

By  the  attraction  of  aggregation^  the  cohesive  attraction,  or  more 
simply  cohesion^  is  to  be  understood  that  force  or  power,  by  which 
particles  or  atoms  of  matter  of  the  same  kind  attract  each  other, 
the  only  effect  of  this  attraction  being  an  aggregate  or  mass.  Thus 
a  lump  of  copper  may  be  considered  as  composed  of  an  infinite 
number  of  minute  particles  or  integrant  partt»  each  of  which  has 
precisely  the  same  properties  as  those  that  belong  to  the  whole 
nais.  These  are  united  by  the  force  of  cohesion.  But  if  the  cop- 
per be  combined  with  another  metal  (such  as  zinc),  we  obtain  a 
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compound  (brass),  the  constituent  parts  of  which,  copper  and  sine, 
are  combined  by  the  power  of  chemical  affinity;  a  term  which  it  is 
proper  to  restrict  to  the  attraction  existing  between  particles  of 
different  kinds.  In  simple  bodies,  therefore,  cohesion  is  the  onlf 
force  exerted  between  their  particles.  But  in  compound  bodies,  we 
may  distinguish  the  force,  with  which  tlie  primary  or  component 
atoms  are  united,  from  that  which  the  compound  atoms  exert  to- 
wards each  other;  the  former  being  united  by  chemical  affinity, and 
the  latter  by  the  cohesive  attraction. 


SECTION  I. 

Of  Cohesion^  Solution,  and  Crystallization, 

The  cohesive  attraction  is  a  property,  which  is  common  to  a 
great  variety  of  bodies.  It  is  most  strongly  exerted  in  solids;  and 
in  these  it  is  proportionate  to  the  mechanical  force  required  for  ef* 
fecting  their  disunion.  In  liquids,  it  acts  with  considerably  less 
energy;  and  in  aeriform  bodies  we  have  no  evidence  that  it  exists 
at  all;  for  their  particles,  as  will  afterwards  be  shown,  are  mutu- 
ally repulsive,  and,  if  not  held  together  by  pressure,  separate  to 
great  distances.  The  force  of  this  attraction  is  not  only  different 
among  different  bodies,  but  in  various  states  of  the  same  body. 
Thus  m  the  cohesion  of  certain  metals  (steel  for  instance),  impor-. 
tant  changes  are  produced  by  the  rate  of  cooling,  by  hammering, 
and  by  other  mechanical  operations.  Water,  also,  in  a  solid  state, 
has  considerable  cohesion,  which  is  much  diminished  when  it  be- 
comes liquid,  and  is  entirely  destroyed  when  it  is  changed  into  va- 
pour. 

The  most  important  view,  in  which  the  chemist  has  to  consider 
cohesion,  is  that  of  a  force  either  counteracting  or  modifying  che- 
mical affinity;  for  the  more  strongly  the  particles  of  any  body  are 
united  by  this  power,  the  less  are  they  disposed  to  enter  into  com- 
bination with  other  bodies.  In  many  cases,  a  very  powerful  affi- 
nity existing  between  two  substances  may  be  rendered  wholly  inef- 
ficient, by  the  strong  cohesion  of  one  or  both  of  them.  Hence  it 
has  been  received  as  an  axiom,  that  the  affinity  of  composition  is  tn- 
verseJy  proportionate  to  the  cohesive  attraction.  To  the  language,  how- 
ever, in  which  this  axiom  is  expressed,  it  has  been  justly  objected, 
that  it  implies  an  accuracy  of  proportion  between  the  forces  of  co- 
hesion and  chemical  affinity,  which  cannot  be  proved  to  exist; 
since  all  that  can  truly  be  affirmed  is,  in  general  terms,  that  the  af- 
finity of  composition  is  less  effective^  as  the  attraction  of  cohesion 
is  stronger. 

The  cohesion  of  bodies  may  be  overcome,  1st,  by  mechanical 
operations,  as  by  rasping,  grinding,  pulverizing,  and  other  modes 
or  division,  which  are  generally  employed  as  preliminary  steps  to 
chemical  processes.  In  some  instances,  even  a  minuter  division  of 
bodies  is  necessary,  than   can  be  accomplished  by  mechanical 
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means ;  and  recourse  is  then  had  to  precipitation.  Silica,  for  ex- 
ample, in  the  state  of  rock  crystal,  may  be  boiled  for  a  long  time 
in  liquid  potassa,  without  any  appearance  of  chemical  action.  It 
may  even  be  bruised  to  the  finest  powder,  without  being  rendered 
sensibly  soluble.  But  when  first  precipitated  from  a  state  of  che- 
mical solution,  it  is  readily  dissolved  by  that  menstruum,  and  even 
by  some  weak  acids. 

Sdly.  Cohesion  may  be  counteracted  by  heat,  applied  so  as  to 
melt  one  or  both  of  the  bodies,  if  fusible;  or  to  raise  them  into  va- 
pour, if  volatile.  Lead  and  sulphur  contract  no  union,  till  one  or 
both  of  them  are  melted  by  heat*  Arsenic  and  sulphur  are  united 
most  effectually,  by  bringing  them  into  contact,  when  both  are  in  a 
state  of  vapour. 

Sdly.  Cohesion  may  be  counteracted  by  solution;  and  this  is  so 
general  a  condition  of  chemical  union,  that  it  was  formerly  receiv- 
ed as  an  axiom,  that  bodies  do  not  act  on  each  other ^  unless  one  or 
both  are  in  a  state  of  solution  ;  a  principle,  to  which  the  progress 
of  chemical  science  has  since  discovered  many  exceptions. 

The  term  solution  is  applied  to  a  very  extensive  class  of  pheno- 
mena. When  a  solid  disappears  in  a  liquid,  if  the  compound  ex- 
hibit perfect  transparency,  we  have  an  example  of  solution.  The 
expression  is  applied,  both  to  the  act  of  combination,  and  to  there- 
smt  of  the  process.  When  common  salt,  such  as  is  used  in  cooke- 
ry, is  agitated  with  water,  it  disappears;  in  other  words,  its  solu- 
tion takes  place;  and  we  also  term  the  liquid  which  is  obtained,  a 
solution  of  salt  in  water.  This  is  one  of  the  simplest  cases  that  can 
be  adduced,  of  the  efRciency  of  chemical  aiHnity :  for  solution  is 
always  the  result  of  an  aiHnity  between  the  fluid  and  the  solid  which 
is  acted  upon,  often  feeble  it  is  true,  yet  sufficient  in  force  to  over- 
come the  cohesion  of  the  solid.  This  affinity  continues  to  act, 
until,  at  length,  a  certain  point  is  attained,  where  the  afHnity  of  the 
solid  and  fluid  for  each  other  is  balanced  by  the  cohesion  of  the  so- 
lid, and  the  solution  cannot  be  carried  farther.  This  point  is  call- 
ed saturation^  and  the  fluid  obtained  is  termed  a  saturated  solution. 

With  respect  to  common  salt,  water  acquires  no  increase  of  its 
solvent  power  by  the  application  of  heat.  But  there  are  various 
salts  with  which  water,  though  saturated  at  the  common  tempera- 
lure  of  the  atmosphere,  is  yet  capable  of  dissolving  a  further  quan- 
tity by  an  increase  of  its  temperature.  When  a  solution,  thus 
charged  with  an  additional  quantity  of  salt,  is  allowed  to  cool,  the 
second  portion  of  salt  is  deposited  in  a  form  resembling  its  origi- 
nal one.  In  a  few  instances,  the  solvent  power  of  water  is  dimi- 
nished by  raising  its  temperature.  Of  this,  an  example  is  furnish- 
ed by  quicklime,  which  dissolves  more  abundantly  in  cold  than  in 
hot  water.  Some  salts,  also,  have  the  property  of  dissolving  most 
abundantly  in  water  of  a  certain  temperature,  and  of  being  less  solu- 
ble either  above  or  below  that  temperature.  Such  are  the  sulphate 
and  seleniate  of  soda.     (35  Ann.  de  Ch.  et  de  Phys.  102.) 

To  recover  a  salt  from  its  solution,  if  its  solubility  does  not  vary 
with  the  temperature  of  the  solvent,  as  in  the  instance  of  common 
salt,  it  is  necessary  to  expel  a  portion  of  the  fluid  by  heat.     This 
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constitutes  the  process  of  evaporati(nu  If  the  evaporation  be  car- 
ried on  very  slowly,  so  that  the  particles  of  the  solid  may  approach 
each  other  in  the  way  best  adapted  to  them,  we  obtain  solid  ngureSy 
of  a  regular  shape,  called  crystals.  The  crystallization  of  a  solid 
may  also  take  place  from  that  state  of  fluidity  which  is  produced 
by  heat  Thus  several  of  the  metals  crystallize  on  cooling  from  a 
melted  state;  and  some  volatile  bodies,  as  arsenic,  assume,  when 
condensed  from  the  state  of  vapour,  the  shape  of  regular  crystals. 

In  the  act  of  separating  from  the  water  in  which  they  were  dis- 
solved, the  crystals  of  almost  all  salts  carry  with  them  a  quantity 
of  water,  which  is  essential  to  the  regularity  of  their  form,  and 
cannot  be  expelled  without  reducing  them  to  shapeless  masses.  It 
is  termed  their  water  of  crystallization.  Its  proportion  varies  in  dif- 
ferent salts;  in  some  it  is  extremely  small;  in  others  it  constitutes 
the  principal  part  of  the  salt,  and  is  even  so  abundant,  as  to  lique- 
fy them  on  the  application  of  heat,  producing  what  is  called  the 
watery  ftuiaru  In  every  salt  it  exists,  not  in  an  uncertain  but  in  a 
definite  proportion,  bearing  in  the  same  salt  the  same  ratio  to  the 
solid  sahne  matter,  but  diilering  for  different  salts.  The  water  of 
crystallization  is  retained  also  in  different  salts  with  very  different 
degrees  of  force.  Some  crystals,  which  lose  their  watery  ingredi- 
ent by  mere  exposure  to  the  atmosphere,  arc  said  to  effloresce.  In 
some,  the  loss  is  so  complete  that  they  become  quite  anhydrous; 
but  others  retain  variable  quantities  of  water,  according  to  the  hy- 
grometric  state  of  the  air.  (Ann.  dc  Ch.  et  de  Ph.  xxxii.  334.). 
Other  salts,  on  the  contrary,  not  only  hold  their  water  of  crystalli- 
zation very  strongly,  but  even  attract  more;  and,  on  exposure  to 
the  atmosphere,  become  liquid,  or  deliquiate.  The  property  itself 
is  called  deliquescence.  There  are,  however,  a  few  salts  (as  sulphate 
of  potassa  and  chloride  of  sodium)  which,  though  their  forms  arc 
perfectly  regular,  contain  essentially  no  water  of  crystallization,  but 
yet  hold  a  very  small  portion,  mechanically  retained  between  the 
plates  of  their  crystals. 

When  two  salts  are  contained  in  the  same  solution,  which  vary 
in  their  degree  of  solubility,  and  which  have  no  remarkable  attrac- 
tion for  each  other,  they  may  be  obtained  separate.  For  by  care- 
fully reducing  the  quantity  of  the  solvent  by  evaporation,  the  salt 
whose  particles  have  the  greatest  cohesion,  will  crystallize  first.  If 
both  salts  are  more  soluble  in  hot  than  in  cold  water,  the  crystals 
will  not  appear  till  the  liquid  cools.  But  if  one  of  them,  like  com- 
mon salt,  is  equally  soluble  in  hot  and  in  cold  water,  crystals  will 
appear,  even  during  the  act  of  evaporation.  In  this  way  we  may 
separate  nitre  from  common  salt,  the  crystals  of  the  latter  being 
formed  during  evaporation;  while  those  of  nitre  do  not  appear  till 
some  time  after  the  fluid  has  cooled. 

Salts,  which  are  deposited  in  re^;;ular  shapes,  generally  adhere  to 
the  surface  of  the  vessel  containing  the  solution,  or  to  any  substance, 
such  as  pieces  of  thread  or  of  wood,  introduced  for  the  purpose 
of  collecting  them.  But  a  still  more  effectual  way  of  inducing  crys- 
tallization is  to  immerse,  in  the  solution,  a  crystal  of  the  same  kind 
with  that  which  we  expect  to  be  formed.   The  crystal,  thus  expoa- 
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ed,  receives  successive  additions  to  its  several  surfaces,  and  pre- 
serves its  form,  with  a  considerable  addition  to  its  magiiitude.  This 
curious  fact  was  ori^pnally  noticed  by  Lc  Blanc,  who  has  founded 
on  it  a  method  of  obtaining^  large  and  perfect  crystals. 

In  some  instances,  the  affinity  of  a  salt  for  its  solvent  is  so  pow- 
erful, that  it  will  not  separate  from  it  in  the  form  of  crystals;  but 
will  yet  crystallize  from  another  fluid,  which  is  capable  of  dissolv- 
ing it,  and  for  which  it  has  a  weaker  affinity.  Potassa,  for  instance, 
cannot  be  made  to  crystallize  from  its  watery  solution,  but  will  yet 
separate,  in  a  regular  form,  from  its  solution  in  alcohol. 

To  clear  away  from  any  crystalline  product,  the  mother  waftr^  as 
the  remaining  fluid  has  been  called,  Robiquet  recommends  the 
transmission,  by  suction,  of  a  current  of  air  through  the  crystals. 
The  simplest  way  of  doing  this,  is  to  place  the  crystals  in  a  glass 
funnel,  the  pipe  of  which  is  loosely  stopped  by  a  little  cotton  wool, 
and  then  fixed  in  one  of  the  mouths  of  a  two-necked  bottle,  the 
juncture  being  made  as  nearly  air-tight  as  possible.  A  bent  tube 
being  also  fixed  tightly  into  the  other  neck,  and  the  air  sucked 
through  this  tube,  the  crystals  are  cleaned  in  a  few  seconds.  (Ann. 
of  Phil.  X.  S.  xii.  460.) 

Every  solid,  that  is  susceptible  of  crystallization,  has  a  tendency 
to  assume  a  peculiar  shape.  Thus  common  salt,  when  most  per- 
ferAly  crystallized,  forms  regular  cubes;  nitre  has  the  shape  of  a 
six-sided  prism ;  and  alum  that  of  an  octahedron.  It  has,  indeed, 
been  alleged,  as  an  objection  to  the  received  theory  of  crystalliza- 
tion, that  minerals,  ditfeting  essentially  in  their  r.oniposition,  have 
preris<'ly  the  same  primitive  form.  For  example,  the  primitive 
form  of  carbonate  of  lime,  and  of  the  compound  carbonate  of  lime 
and  magnesia,  is,  \\\  both,  a  regular  rhomboid,  so  nearly  resembling 
fach  other,  as  to  have  been  supposed  to  be  precisely  the  same.  In 
this  rase,  however.  Dr.  Wollaston  has  shown,  that  though  the 
figures  are  similar*  yet  their  angles,  on  admeasurement  by  a  nice 
instruments  differ  very  appreciably.  (Phil.  Trans.  181i2.)  But  other 
instances  have  l)een  since  brought  forward  by  M.  lleudant,  in  which 
artificial  salts,  composed  of  (UHmnilar  ingredients,  have  the  same 
rrystalline  form;  and  Dr.  Wollaston  has  satisfied  himself  of  the  ac- 
curacy of  M.  Beudant's  remark,  that  the  mixed  sulphates  of  cop- 
per and  iron,  of  zinc  and  iron,  and  of  copper,  zinc,  and  iron,  as- 
sume forms,  in  which  no  difference  has  yet  been  discovered  from 
that  of  simple  sulphate  of  iron  alone.*  He  apprehends,  indeed, 
that  on  minute  investigation,  some  difference  will  be  found,  either 
in  the  angles  or  linear  measures  of  those  different  salts;  but  till  this 
has  been  established,  the  facts,  as  they  stand,  must  be  acknowledg- 
ed lo  l>e  exceptions  to  the  principle,  that  identity  of  crystalline  form 
iH  ntttztarily  mmurted  tinth  identity  of  chemical  composition.  In  the 
mstances  which  have  been  given,  the  perfect  transparency  of  the 
crystals  forbids  our  considering  them  as  an  intermixture  of  foreign 
matter  grouped  together  by  sulphate  of  iron;  and  this  explanation 

*  Tompion't  Annalt,  xi.  262,  J83»  .iiii.  126.    See  alw  Miticherlich  i  Ann.  de 
Chim.  ct  Pbys.  xiv.  173,  336. 
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18,  alsOf  irreconcilable  with  the  fact,  discovered  by  Dr.  Wollaatoiif 
that  a  mixed  solution  of  sulphates  of  zinc  and  copper,  in  certun 
proportions,  affords  crystals  which*  though  containing  no  iron,  still 
agree  so  nearly  in  form  with  those  of  sulphate  of  iron,  that  he 
could  not  undertake  to  point  out  any  difference  between  them.  In 
illustration,  also,  of  the  principle,  that  the  same  salt  assumes  dif- 
ferent fundamental  or  pnmUive  forms,  according  to  the  nature  of 
the  liquid  in  which  the  crystals  have  been  formed,  Wollner  asserts, 
that  when  a  small  portion  of  solution  of  sulphate  of  iron  is  poured 
into  a  solution  of  alum,  and  the  whole  allowed  to  crystallize,  the 
sulphate  of  iron  assumes  the  octahedral  form  of  the  alum,  though 
these  octahedral  crystals  afford  scarcely  a  trace  of  the  aluminous 
salt.    (Quart.  Journ.  xxii.  199.) 

We  are  indebted  to  Professor  Mitscherlich  of  Berlin  for  a  series 
of  essays,  published  in  the  19th,  32d,  and  37th  volumes  of  the  •9n* 
nalea  de  Chimie  et  tie  Physique^  which  open  new  view^s  of  the  causes 
that  influence  the  molecular  arrangement  of  crystals.  A  close  con- 
nexion, he  has  shown,  exists  between  crystalline  form  and  atomic 
constitution.  Identity  of  form  he  Rnds  to  be  determined  by  the 
number  of  atoms,  independently  of  the  chemical  nature  of  the  ele- 
ments. Certain  different  elements,  combined  with  the  same  number 
of  one  or  more  elements,  affect  the  same  crystalline  forms;  and  in 
this  respect  the  chemical  elements  may  be  classed  together  in 
groups.  Elements  belonging  to  the  same  group  he  calls  isomor- 
phous:  for  example,  in  the  phosphates  and  arscniates,  the  sulphates 
and  selcniatcs,  we  have,  along  with  identity  of  form,  an  exact  anal- 
ogy as  to  the  number  of  atoms  of  base,  acid,  and  water,  constitut- 
ing these  salts,  und  of  consequence  iaomorphism.  In  the  course  of 
his  inquiries,  Mitscherlich  observed  several  curious  facts,  respect- 
ing the  influence  of  the  temperature  of  solutions  on  the  form  of 
salts  deposited  from  them;  and  in  salts  completely  formed,  he  first 
remarked  that  a  change  in  the  position  of  their  molecules  may  be 
produced  by  causes  which  do  not  produce  fluidity,  or  any  alteration 
of  chemical  constitution.  (Ann.  de  Ch.  Feb.  1828.)  The  subject 
has  been  pursued  also  by  Mr.  Haidinger,  in  an  ingenious  paper 
published  in  the  Transactions  of  the  Uoyal  Society  of  Edinburgh 
(ISiir),  and  by  Mitscherlich  himself,  in  a  n\emoir  on  the  crystalline 
form  and  composition  of  the  sulphates,  seleniates.  and  chromates. 
(Ann.  de  Ch.  et  de  IMi.  May,  18^28.) 

It  has  been  lon^,'  known  that  tlie  same  solid  admits  of  great  va- 
rieties of  crystalline  figure,  without  any  variation  of  its  chemical 
coniposition.  Calcareous  spar,  for  example,  appears  in  six-sided 
prisms,  in  ihieeor  bix-sided  pyramids,  and  in  more  than  three  hun- 
dred other  shaj)«'s.  These  varieties,  occasioned  by  accidental  cir- 
cumstances, which  modify  the  operation  of  the  force  of  cohesion, 
are  found,  upon  a  careful  examination  and  comparison,  to  be  re- 
ducible to  a  small  nunOier  of  simple  figures,  which,  for  each  indi- 
vidual species,  is  always  the  same. 

The  attempt  to  trace  all  the  observed  forms  of  crystals  to  a  few 
simple  or  primary  ones,  seems  to  have  originated  with  Bergman. 
(See  his  Essays,  \q\.  ii.)    In  the  invfancc  of  calcaieous  spar,  llii^ 
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dUtin^ifthed  chemist  demonstrated  that  its  numerous  modifica- 
lions  majr  possibly  result  from  one  simple  figure,  the  rhomb,  by  the 
accumulation  of  which,  in  various  ways,  crystals  of  the  most  oppor 
site  forms  may  be  generated.  This  theory  he  extended  to  crystals 
of  erery  kind ;  and  he  accounted  for  the  difierences  of  their  exter- 
nal figures,  by  varieties  of  their  mechanical  elements  or  minute 
molecules. 

About  the  same  period  with  Bergman,  or  immediately  afterwards, 
M.  Rom6  de  I'lsle  pursued  still  farther  the  theory  of  the  structure 
of  crystals.     He  reduced  the  study  of  crystallography  to  princi- 
ples more  exact,  and  more  consistent  with  observation.  He  classed 
together,  as  much  as  he  was  able,  crystals  of  the  same  nature. 
From  among  the  different  forms  belonging  to  the  same  species  he 
selected,  for  the  primitive  form,  one  which  appeared  to  him  to  be 
the  most  proper,  on  account  of  its  simplicity.    Supposing  this  to 
be  truncated  in  different  manners,  he  deduced  the  other  forms,  and 
established  a  certain  gradation,  or  series  of  passages,  from  the  pri- 
mitive form  to  complicated  figures,  which,  on  first  view,  would 
scarcely  appear  to  have  any  connexion  with  it.  To  the  descriptions 
and  figures  of  the  primitive  forms,  he  added  the  mechanical  mea- 
surement of  the  principal  angles,  and  showed  that  these  angles  are 
constantly  the  same  in  each  variety.     It  must  be  acknowledged, 
however,  that  the  primitive  forms,  assumed  by  this  philosopher, 
were  entirely  imaginary,  and  not  the  result  of  any  experimental 
analysis.    His  method  was  to  frame  an  hypothesis;  and  then  to  ex- 
amine its  coincidence  with  actual  appearances.    On  his  principles, 
■  any  form  might  have  been  the  primiuvc  one,  and  any  other  have 
been  deduced  from  it. 

It  was  reserved  for  the  sagacity  of  the  Abb6  Haiiy  to  unfold  the 
true  theory  of  the  structure  of  crystals,  and  to  support  it  both  by 
experimental  and  mathematical  evidence.  By  the  mechanical  divi- 
sion of  a  complicated  crystal,  he  first  obtained  the  simple  form,  and 
afterwards  constructed,  by  the  varied  accumulation  of  the  primitive 
figure,  according  to  mathematical  synthesis,  all  the  observed  varie- 
ties of  that  species. 

Every  crystal  may  be  divided  by  means  of  proper  instruments; 
and,  if  split  in  certain  directions,  presents  plane  and  smooth  sur- 
faces. If  split  in  other  directions,  the  fracture  is  rugged,  is  the 
mere  effect  of  violence,  and  is  not  guided  by  the  natural  joining  of 
the  crystal.  This  fact  had  been  long  known  to  jewellers  and  lapi- 
daries; and  an  accidental  observation  of  it  proved,  to  the  Abb6 
Hauy,  the  key  of  the  whole  theory  of  crystallization.  By  the  skil- 
ful division  of  a  six-sided  prism  of  calcareous  spar,  he  reduced  it 
to  a  rhomb,  precisely  resembling  that  which  is  known  under  the 
name  of  Iceland  crystal.  Other  forms  of  calcareous  spar  were  sub- 
jected to  the  same  operation;  and,  however  different  at  the  outset, 
finally  agreed  in  yielding,  as  the  last  product,  a  rhomboidal  solid. 
It  was  discovered  also  by  Haiiy,  that  if  we  take  a  crystal  of  another 
kind  (the  cubic  fluor  spar  for  instance),  the  nucleus,  obtained  by  its 
mechanical  division,  will  have  a  different  figure,  rtz.,  an  octahe- 
Aron    Othf  r  rrk'stallized  bodies  produre  still  different  forms;  which 
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are  noty  however,  very  numerous.  Those  which  have  hitherto  been 
Uiscovered,  are  reducible  to  six;  the  parallelopipedon,  which  in- 
cludes the  cube,  the  rhomb,  and  all  the  solids  which  are  terminat- 
ed by  six  faces,  parallel  two  and  two;  the  tetrahedron;  the  octahe- 
dron; the  regular  hexahedral  prism;  the  dodecahedron  with  equal 
and  similar  rhomboidal  planes;  and  the  dodecahedron  with  trian- 
gular planes. 

The  solid  of  the  primitive  form,  or  nucleus  of  a  crystal,  obtain- 
ed by  mechanical  division,  may  be  subdivided  in  a  direction  paral- 
lel to  its  different  faces.  All  the  sections  thus  produced  being  simi* 
lar,  the  resulting  solids  are  precisely  similar  in  shape  to  the  nucleus, 
and  differ  from  it  only  in  size,  which  continues  to  decrease  as  the 
division  is  carried  farther.  To  this  division,  however,  there  must 
be  a  limit,  beyond  which  we  should  come  to  particles  so  small,  that 
they  could  no  longer  be  divided.  At  this  term,  therefore,  we  mutt 
stop;  and  to  these  last  particles,  the  result  of  an  analysis  of  the  pri- 
mitive nucleus,  and  similar  to  it  in  shape,  Haiiy  has  given  the  name 
of  the  integrant  molecule.  If  the  division  of  the  nucleus  can  be  car- 
ried on  in  other  directions  than  parallel  to  its  faces,  the  integral 
molecule  may  then  have  a  fip;urc  different  from  that  of  the  nucleus. 
The  forms,  however,  of  the  integrant  molecule,  which  have  hither- 
to been  discovered,  are  only  three:  the  tetrahedron,  the  simplest 
of  pyramids;  the  triangular  prism,  the  simplest  of  prisms;  and  the 
parallelopipedon,  including  the  cube  and  rhomboid,  the  simplest  of 
solids  which  have  their  faces  parallel  two  and  two.  With  respect 
to  octahedral  crystals,  there  is  a  difficulty,  whether  the  octahedron, 
or  tetrahedron,  is  to  be  adopted  as  the  primitive  form;  and,  which- 
soever be  chosen,  since  neither  of  them  can  fill  space  without  leav- 
ing vacuities,  it  is  not  easy  to  conceive  any  arrangement  by  which 
the  particles  will  remain  at  rest.  To  obviate  this  diflicuIty,Dr.  Wol- 
lastoM  has  suggested  that,  in  such  instances,  the  elementary  particles 
may  be  perfect  spheres;  and,  by  the  due  application  of  spheres  to  each 
other,  he  has  shown,  that  avaricly  of  crystalline  forms  may  he  pro- 
duced; r/r.,  the  octahedron,  the  tetrahedron,  and  the  acute  rhom- 
boid. (Phil.  Trans.  181S,  page  5\.)  If  other  particles,  having  the 
same  relative  arrangement,  be  supposed  to  have  the  shape  of  oblate 
spheroids,  the  regular  rhomboid  will  be  the  resulting  figure;  and  if 
the  spheroids  be  oblong  instead  of  oblate,  they  will  generate  prisms 
of  three  or  six  sides.  The  cube  also.  Dr.  Wolluston  has  shown, 
may  be  explained  by  the  aggregation  of  spheroidical  particles. 

A  method  of  developing  the  structure  of  crystals,  by  a  new  pro- 
cess^ which  appears  greatly  superior  to  that  of  mechanical  division, 
has  been  described  by  Mr.  Daniel.  (Quart.  Jour.  i.  24.)  It  consists 
in  exposing  any  moderately  soluble  salt  to  the  slow  and  regulated 
action  of  a  solvent.  A  shapeless  mass  of  alum,  for  instance,  weigh- 
ing about  1500  grains,  being  immersed  in  15  ounce  measures  of 
water,  and  set  by,  in  a  (|uiet  place,  for  a  period  of  three  or  four 
weeks,  will  be  found  to  have  been  more  dissolved  toward  the  upper 
than  the  lower  part,  and  to  have  assumed  a  pyramidal  form.  On 
further  examination,  the  lower  end  of  the  mass  will  present  the  form 
of  octahedrons  and  sections  of  octahedrons,  in  high  relief  and  of 
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various  dimensions.  They  will  be  most  distinct  at  its  lower  ex- 
tremity, becoming  less  so  as  they  ascend.  This  new  process  of  dis- 
section admits  of  extensive  application.  Borax,  in  the  course  of 
six  weeks,  exhibits  eight-sided  prisms  with  various  terminations; 
and  other  salts  may  be  made  to  unfold  their  external  structure  by 
the  slow  agency  of  water.  Carbonate  of  lime,  carbonate  of  stron- 
tia,  and  carbonate  of  baryta,  give  also  distinct  results,  when  acted 
upon  by  weak  acids;  and  even  amorphous  masses  of  metals,  which 
have  a  tendency  to  assume  a  crystalline  form,  such  as  bismuth,  an- 
timony, and  nickel,  when  exposed  to  very  dilute  nitric  acid,  pre- 
sented at  the  end  of  a  few  days  distinct  crystalline  forms.  Large 
crystals  of  sulphuret  of  antimony,  Mr.  Faraday  has  also  found, 
admirably  illustrate  Mr.  Daniel's  mode  of  displaying  crystalline 
texture.  When  such  a  crystal  is  introduced  into  a  portion  of  the 
fused  sulphuret,  it  begins  to  melt  down,  but  not  uniformly,  for 
crystals  arc  left  more  than  half  an  inch  long  projecting  from  it 
(Quart.  Joum.  xi.  202.)  The  results  of  these  experiments,  when 
minutely  traced  and  investigated,  afford  strong  confirmation  to  the 
theory,  that  the  spheroidical  is  the  true  form  of  the  ultimate  parti- 
cles of  crystallized  bodies. 

The  primitive  form,  and  that  of  the  integral  molecule,  having 
been  experimentally  determined  by  the  dissection  of  a  crystal,  the 
next  step  is  to  discover  the  law,  according  to  which  these  molecules 
are  arranged,  in  order  to  produce,  by  their  accumulation  around 
the  primitive  figure,  the  great  variety  of  secondary  forms.  What 
is  most  important  in  the  discoveries  of  Haiiy,  and  what  constitutes, 
in  fact,  the  essence  of  his  theory,  is  the  determination  of  these  laws, 
and  the  precise  measurement  of  their  action.  He  has  shown  that 
all  the  parts  of  a  secondary  crystal,  superadded  to  the  primitive 
nucleus,  consist  of  laminx,  which  decrease  gradually  by  the  sub- 
traction of  one  or  more  layers  of  integral  molecules;  so  that  theory 
is  capable  of  determining  the  number  of  these  ranges,  and,  by  a 
neressary  consequence,  the  exact  form  of  the  secondary  crystal. 

By  the  development  of  these  laws  of  decrement,  Haiiy  has  shown 
how,  from  variations  of  the  arrangement  of  the  integrant  molecules, 
a  great  variety  of  secondary  figures  may  be  produced.  Their  ex- 
planation, howf?ver,wo\ild  involve  a  minuteness  of  detail  altogether 
unsuitable  to  the  purpose  of  this  work;  and  I  refer,  therefore,  for 
a  very  perspicuous  statement  of  them,  to  tlic  first  and  ninth  volumes 
of  the  Philosophical  Magazine.  A  popular  view  of  the  subject  of 
crystallography  may  be  found  also  in  Mr.  LarkinN  •*  Introduction 
to  Solid  Clcomelry,"  London,  1K!2();  and  models  of  crystals,  very 
nektlv  and  accuratelv  cut  in  wood,  and  either  entire,  or  dissected 
so  as  to  show  th«*ir  construction,  may  be  procured  from  the  author 
of  that  work,  which  will  essentially  facilitate  the  student's  progress. 
The  use  of  the  i(oniometer  is  (juite  necessary  to  the  accurate  deter- 
mination and  description  of  the  forms  of  crystals.  When  great  pre- 
cision is  not  required,  and  the  crystal  is  of  considerable  size,  the 
common  goniomeUr  will  sufficiently  answer  the  purpose;  but,  to  ob- 
tain very  correct  admeasurements,  the  reflective  sroniomeUr  of  Dr. 
Wollaston  is  alone  worthy  of  dependence.    Both  these  instruments 
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are  described,  and  perspicuous  directions  given  for  their  use,  in  a 
very  useful  little  volume  published  by  Mr.  William  Phillips,  under 
the  title  of  ^^  An  Elementary  Introduction  to  the  Knowledge  of 
Mineralogy,"  and  in  the  first  volume  of  ^'Conversations  on  Mine- 
ralogy." In  Mr.  Brooke's  **  Familiar  Introduction  to  Crystallo- 
graphy," also,  the  reader  will  find  excellent  directions  for  the  mea- 
surement of  the  angles  of  crystals,  and  perspicuous  rules  for  study- 
ing their  forms;  and  a  great  portion  of  the  first  volume  of  Mr. 
Haidinger's  translation  of  Mohs's  Mineralogy  is  occupied  in  treat- 
ing of  the  laws  of  crystallization,  and  in  describing  the  varieties 
of  crystallized  bodies. 


SECTION  II. 

€f  Chemkal  tffffinity,  and  the  General  Phenomena  of  Chemical  AcUon. 

Chemical  afiinity,  like  the  cohesive  attraction,  is  effective  only  at 
insensible  distances;  but  it  is  distinguished  from  the  latter  force, 
in  being  exerted  between  particles  or  atoms  of  different  kUuh^  The 
result  of  its  action  is  not  a  mere  aggregate,  having  the  same  pro- 
perties as  the  separate  parts,  and  differing  only  by  its  greater  quan- 
tity or  mass,  but  a  new  compound,  in  which  the  properties  ot  the 
components  have  entirely  or  partly  disappeared,  and  in  which  new 
qualities  are  also  apparent.  The  combinations  effected  by  chemi- 
cal affinity  are  permanent,  and  are  destroyed  only  by  the  interfer- 
ence of  a  more  powerful  force,  either  of  the  same  or  of  a  different 
kind. 

As  a  general  excmplificatiun  of  chemical  action,  we  may  examine 
that  which  takes  place  between  potassa  and  sulphuric  acid.  In  their 
separate  state,  each  of  these  bodies  is  distinguished  by  strikingpe- 
culiarities  of  taste,  bygreat  causticity,  and  by  other  qualities.  The 
alkali,  on  being  added  to  blue  vegetable  infusions,  changes  their 
colour  to  green,  and  the  acid  turns  them  red.  But  if  we  add  one 
substance  to  the  other,  very  cautiously,  and  in  small  quantities, 
examining  the  effect  of  each  addition,  we  shall  at  length  attaift  a 
certain  point,  at  which  the  liquid  will  possess  neither  acid  nor  al- 
kaline qualities;  it  may  now  be  safely  applied  to  the  tongue;  the 
taste  will  be  converted  into  a  bitter  one ;  and  the  mixture  will  pro- 
duce no  effect  on  blue  vegetable  colours.  Here,  then,  the  qualities 
of  the  constituent  parts,  or  at  least  some  of  their  most  important 
ones,  arc  destroyed  by  combination.  When  characteristic  proper- 
ties thus  disappear,  the  bodies  combined  have  been  said  to  taturate 
each  other;  and  the  precise  term  at  which  this  takes  place  has 
been  called  the  point  of  saturation.  It  is  advisable,  however,  to  re- 
strict this  expression  to  weaker  combinations,  where  there  is  no 
remarkable  alteration  of  qualities,  as  in  cases  of  solution;  and  to 
apply  to  the  results  of  more  energetic  affinities,  when  attended 
with  loss  of  properties,  the  term  neutralization. 

At  the  same  time  that  the  properties  of  bodies  disappear  on  com- 
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binatioD,  other  new  qualities,  both  sensible  and  chemical,  are  ac- 
quired ;  and  the  afRnities  of  the  components  for  these  substances 
become  In  some  cases  increased,  in  others  diminished  in  energy. 
Sulphur,  for  example,  is  destitute  of  taste,  smell,  and  action  on 
vegetable  colours;  and  oxygen  gas  is,  in  other  respects,  equally  in- 
efficient But  one  of  the  compounds  of  sulphur  and  oxygen  is  in- 
tensely acid;  the  minutest  portion  instantly  reddens  blue  vegetable 
infusions;  and  the  acid  is  clis]}osed  to  enter  into  energetic  combi- 
nation with  a  variety  of  bodies,  for  which  its  components  evinced 
DO  aiRnity.  Facts  of  this  kind  sufficiently  refute  the  opinion  of  the 
older  chemists,  that  the  properties  of  compounds  arc  intermediaie 
between  those  of  their  component  parts;  for,  in  instances  like  the 
foregoinf^,  the  compound  has  qualities,  not  a  vestige  of  which  can 
be  traced  to  either  of  its  elements. 

It  is  not,  however,  in  all  cases  that  the  change  of  properties  is  so 
distinct  and  appreciable  by  the  senses,  as  in  the  instances  which 
have  been  just  now  described.  In  some  examples  of  chemical 
union,  the  change  is  scarcely  perceptible  to  the  eye  or  the  taste, 
when  the  chemist  is  nevertheless  certain  that  combination  must 
have  taken  place.  This  occurs  chiefly  in  the  mixture  of  saline  so- 
lutions with  each  other,  where  a  complete  exchange  of  principles 
nfien  ensues,  without  any  evident  change  of  properties.  Examples 
of  this  kind  cannot,  however,  be  understood,  till  the  subject  of 
complex  affinity  has  been  first  elucidated. 

The  existence  of  chemical  affinity  between  any  two  bodies  is  in- 
ferred, thenfore,  from  their  eniering  into  chemical  combination; 
and  that  this  has  happened,  a  change  of  properties  may  be  consi- 
dcn*d  as  a  sufficient  proof,  even  though  the  change  may  not  be 
very  obvious,  and  may  re<|uire  accurate  examination  to  ])e  perceived 
at  all. 

The  proof,  which  establishes  the  nature  of  chemical  compounds, 
IS  i.f  two  kinds,  nynthtaiit  and  analynis.  Synthesis  consists  in  effect- 
ing the  chemical  union  of  two  or  more  bodies;  and  analysis  in  de- 
taching thesi  from  each  other,  and  exhibiting  them  in  a  separate 
state.  But  it  is  seldom  that  wo  can  separate  two  bodies  from  each 
other  without  employing  a  tliird,  and  thus  forming  some  fresh 
compound;  and,  when  this  new  compound  is  one  of  known  com- 
position, the  evidence  of  analysis  is  slill  equally  compleu*.  When 
«e  haxe  a  compound  of  two  or  more  ingredients,  which  are  them- 
M'lves  compounded  also,  the  separation  of  the  conipounds  from 
f-ach  other  may  be  called  the  proximate  anali/sifi  ol*  the  l)ody;  and 
till-  further  separation  of  these  cdmpounds  into  their  most  simple 
principles,  its  ultimate  anah/sis.  Thus  the  proximate  analysis  of 
sulphate  of  potassa  consists  in  resolving  it  into  potassa  and  sul- 
fihuric  acid;  and  its  ultimate  analysis  is  effected  by  decomposing 
the  potassa  into  potassium  and  nxyi^en,  and  the  sulphuric  acid  intr> 
oxygen  and  sulphur. 

When  the  anai\>is  dT  anv  Mii):)tanie  htts  been  ( arritd  as  far  as 
possible,  we  arrive  at  its  niosi   simple  princi))les,  or  flrmrnts,      B\ 
the  expression  flnnrnt  \vc  are  to  understand,  not  a  body  that  is  in 
'cirpo6/rof  furthci  decomposition,  but  one  which  htn  not  t^etbem  dr- 
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composed.     The  progress  of  chemical  science,  for  several  centurie& 

Cast,  has  mainly  consisted  in  carrying  still  farther  the  analysis  of 
oclics,  and  in  proving  those  to  be  compounded  which  had  before 
been  considered  as  elementary. 

Beside  the  alteration  of  properties,  which  usually  accompanies 
chemical  action,  there  are  certain  other  phenomena,  which  are  ge- 
nerally observed  to  attend  it. 

1st.  In  almost  every  instance  of  chemical  union,  the  specific  gra^ 
vity  of  the  compound  is  greater  than  might  have  been  inferred  from 
that  of  its  components;  and  this  is  true  both  of  weaker  and  more 
energetic  combinations.  When  equal  weights  of  water  and  sul- 
phuric acid  are  made  to  combine,  the  specific  gravity  of  the  result- 
ing liquid  is  not  the  mean,  but  considerably  greater  than  the  mean. 
The  law  extends  also  to  solids.  But,  though  general,  it  is  not  uni« 
versal ;  for  in  a  very  few  instances,  chiefly  of  aeriform  fluids,  con- 
densation does  not  attend  chemical  union.  And,  in  the  combini- 
tion  of  some  metals  with  each  other,  even  the  reverse  takes  place; 
the  compound  being,  in  a  few  cases,  specifically  lighter  than  might 
have  been  expected,  from  the  specific  gravity  of  its  elements,  and 
their  proportion  to  each  other. 

2dly.  When  bodies  combine  chemically,  it  may  be  received  as  a 
general  fact,  that  their  temperature  changes.  Equal  weights  of  oil 
of  vitriol  and  water,  both  at  the  temperature  of  50®  of  Fahr.  are 
heated,  by  sudden  mixture,  to  considerably  above  S12°.  In  other 
examples,  a  contrary  eficct  takes  place,  and  a  diminished  tempe- 
rature, or,  in  other  words,  a  production  of  cold,  is  observed.  This 
is  all  that  is  at  present  necessary  to  state  on  the  subject,  which  will 
be  more  fully  considered  when  we  come  to  treat  of  caloric. 

3dly.  Theybrm*  of  bodies  are  often  materially  changed  by  chemi- 
ral  combination.  Two  solids  may,  l)y  their  union,  become  fluid;  or 
two  fluids  may  become  solid.  Solids  are  also  often  changed  into 
aeriform  fluids;  and,  in  many  instances,  the  union  of  two  airs,  or 
gases,  is  attended  with  their  sudden  conversion  into  the  solid  state. 
By  long  exposure  of  fluid  quicksilver  to  a  moderale  heat,  we 
change  it  into  a  reddish  scaly  solid;  and,  by  heating  this  solid  in  a 
retort,  we  obtain  an  aeriform  fluid,  or  gas,  in  considerable  quanti- 
ty, and  recover  the  quicksilver  in  its  original  form. 

4lhly.  Change  of  colour  is  a  frequent,  but  not  universal,  conco' 
niitaiit  of  chemical  action.  In  some  cases,  brilliant  colours  arc  de- 
stroyed, as  when  chlorine  is  made  to  act  on  solution  of  indigo.  In 
other  instances,  two  substances,  which  are  nearly  colourless,  form, 
hy  their  union,  a  compound  distinguished  by  beauty  of  colour,  as 
when  liquid  potassa  is  added  to  very  dilute  syt  up  of  violets.  Certaio 
colours  appear  also  to  belong  essentially  to  chemical  compounds, 
and  to  be  characteristic  of  them.  Thus  l(l()  parts  of  quicksilver, 
and  '1  of  oxygen,  invariably  give  a  black  compound;  and  the  same 
quantity,  with  8  parts  of  oxygen,  afford  as  invariably  a  red  com- 
pound. 
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SECTION  in. 

Cf  ike  Pnpotlioni  in  which  Bodies  combine  ^  and  of  the  Momie 

Theory. 

In  the  chemical  combination  of  bodies  with  each  other,  a  few 
leading  circumstances  deserve  to  be  remarked. 

1st.  Some  bodies  tmiie  in  all  proportione ;  for  example,  water  and 
sulphuric  acid,  or  water  and  alcohol. 

2dly.  Of Aer  bodies  combine  in  all  proportions^  as  far  as  a  certain 
pointy  beyond  which  combination  no  longer  takes  place.  Thus  water 
will  take  up  successive  portions  of  common  salt,  until  at  length  it 
becomes  incapable  of  dissolving  any  more.  In  cases  of  this  sort, 
as  well  as  in  those  included  under  the  first  head,  combination  is 
weak  and  easily  destroyed,  and  the  qualities,  which  belonged  to 
the  components  in  their  separate  state,  continue  to  be  apparent  in 
the  compound. 

It  is  necessary,  however,  to  remark  that  these  two  deductions, 
though  they  appear  to  be  warranted  by  a  general  survey  of  pheno- 
mena, are  not  absolutely  and  strictly  true;  for  though  some  acids, 
for  instance,  appear  to  unite  with  water  in  every  proportion,  yet 
there  are  certain  relative  quantities  of  water  and  acid  which  form 
the  most  energetic  compounds,  distinguished  by  their  permanency 
and  by  peculiar  properties. 

5dly.  T^ere  are  many  examples  ifi  which  bodies  unite  in  one  pro- 
portion  only;  and  in  all  such  cases  the  proportion  of  the  elements 
of  a  compound  must  be  uniform  for  the  species.  Thus  hydrogen- 
and  chlorine  unite  in  no  other  proportions  than  those  constituting 
muriatic  acid,  which,  by  weight,  are  1  of  the  former  to  36  of  the 
latter.  Whatever  of  either  ingredient  is  in  excess,  remains  uncom- 
bined  after  the  experiment.  In  cases  of  this  sort,  combination  is 
generally  energetic,  and  the  characteristic  qualities  of  the  com- 
ponents arc  no  longer  observable  in  the  compound. 

4th ly.  Other  bodies  unite  in  several  proportions;  but  these  propor- 
tions are  definite^  and^  in  tlie  intermediate  ones^  no  combificUion  en" 
tues.  Thus  6  parts  by  weight  of  charcoal  combine  with  8  of  oxy- 
gen* or  with  16,  but  with  no  intermediate  quantity;  64  parts  of 
copper  combine  with  8  of  oxygen,  or  witli  IG,  and  with  those  pro- 
portions only.  This  law  of  combination  in  definite  proportions^  though 
deducible  from  the  previous  experiments  of  Wenzcl,  seems  to  have 
been  first  discovered  and  established  by  a  series  of  researches  un- 
dertaken with  that  view,  by  Richter  of  Berlin,  and  published  be- 
tween the  years  1796  and  1798.  The  great  object  of  that  chemist 
was  to  determine  the  relative  capacity  of  saturation  of  the  acids 
and  bases,  and  to  represent  them  by  a  series  of  numbers,  serving 
the  same  purpose  as  the  Tables  of  Chemical  Equivalents  now  con- 
structed. It  is  unnecessary  to  copy  the  table  of  Richter,  because 
the  results  are,  for  the  most  part,  inaccurate;  but,  notwithstanding 
this,  (he  merit  of  the  first  conception  of  such  a  table  unquestiona- 
bly belongs  to  him.  Proust,  afterwards,  contributed  to  establish 
Vol.  I.  O 
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the  law,  by  showing  that  iron  and  antimony  do  not  unite  with  oxy- 
gen in  all  proportions,  but  only  in  very  few  determinate  ones ;  and, 
in  a  controversy  with  Berthollet,  which  was  most  ably  and  tem- 
perately conducted  on  both  sides,  he  urged  convincing  arguments 
m  favour  of  limited  combinations. 

5thly.  It  is  further  remarkable,  that  when  one  body  enters  inio 
combination  with  another^  in  different  proportions^  the  numberi  indi' 
eating  the  greater  proportions  are  single  nmitiples  of  that  denoting  the 
smallest  proportion.  In  other  words,  if  the  smallest  proportion  in 
which  B  combines  with  A  be  denoted  by  10,  A  may  combine  with 
twice  10  of  B,  or  with  three  times  10,  and  so  on,  but  with  no  in- 
termediate quantities.  Tlicre  cannot  be  more  striking  instances  of 
this  law  than  those  above  mentioned,  of  the  compounds  of  copper 
and  charcoal  with  oxygen ;  in  which  the  oxygen  of  the  last  com- 
pound may,  in  both  cases,  be  observed  to  be  a  multiple  of  that  of 
the  first  by  the  number  2. 

It  is  to  Mr.  Dalton  that  we  are  indebted  for  the  first  correct  in- 
stance of  such  a  simple  multiple  in  the  union  of  nitrous  gas  with 
oxygen,*  and  for  the  first  distinct  anticipation,  founded  on  well-as- 
certained facts,  of  the  general  law  of  multiple  combination.  For, 
though  it  is  due  to  the  late  Mr.  Higgins,  ol  Dublin,  to  state  that, 
in  an  ingenious  work,  published  in  1789,  entitled  iA  Comparative 
View  of  the  Phlogistic  mid  Antiphlogistic  Theories^  he  had  repre- 
sented the  combinations  of  azote  with  oxygen,  and  those  of  sul- 
phur with  oxygen,  to  form  such  a  series,  that  the  successive  doses 
of  oxygen  are  all  equal  multiples  of  the  first;  yet,  as  Dr.  Wollas- 
ton  has  remarked,  "  these  proportions  were  conceived  rather  than 
observed  to  occur."  Little  attention  seems,  indeed,  to  have  been 
given  to  the  subject,  until  the  year  1808,  when  facts  of  a  similar 
kind,  but  under  a  more  tangible  form,  were  published  by  Dr.  Thom- 
son and  Dr.  Wollaston,  with  regard  to  neutral  and  superacid,  or 
subacid,  salts.  These  facts  all  tended  to  show  that  the  quantity  of 
acid,  combined  with  bases  in  certain  super-salts,  is  precisely  dou- 
ble, and  in  certain  sub-salts  precisely  half,  of  that  which  is  satu- 
rated by  the  same  quantity  of  base  in  their  neutral  compounds. 

Atomic  Theory. — When  the  law  of  definite  proportions^  and  that 
of  multiple  proportions^  had  been  established  by  a  sufficient  number 
of  examples,  it  became  natural  to  inquire  what  is  the  reason  of  this 
unifonnity,  and  what  is  the  cause  which  renders  combination  in 
other  proportions  impossible.  Mr.  Higgins,  taking  for  granted 
the  correctness  of  the  instances  already  quoted,  had  been  led  to 
conceive  the  theory  of  combination  by  ultimate  particles,  and  to 
illustrate  it  by  a  series  of  diagrams,  so  constructed  as  to  explain 
the  phenomena  of  chemical  decomposition  by  a  comparison  of  the 
attractive  forces  of  those  particles.  But,  though  there  is  much  in 
Mr.  Higgins's  views  that  entitles  him  to  the  praise  of  great  inge- 
nuity, yet  they  are,  in  several  respects,  erroneous,  and  are  at  best 
to  be  considered  as  mere  hints,  which  were  not  subjected,  by  their 
author,  at  any  subsequent  period,  to  a  more  copious  and  rigorous 

*  Muicli.  Soc.  Mem.  2d  Ser.  vol.  i.  p.  'J50,  paper  read  Nov.  12,  1802. 
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induction,  nor  indeed  estimated  by  him,  at  the  time$  as  of  the  im- 
portance which  really  belonged  to  them. 

A  few  years  afterwards,  Mr.  Dalton,  without  the  slightest  know- 
ledge of  the  previous  speculations  of  Mr.  Higgins,  formed  the 
first  distinct  conception  of  that  happygeneralization,  which  now 
passes  under  the  name  of  the  Atomic  Theory  of  the  Chemical  Con- 
siiiuiion  of  Bodies,  To  this  he  was  led  by  long  and  patient  reflec- 
tion on  the  then  ascertained  phenomena  of  chemistry.  In  October, 
1803,  he  communicated  to  the  Manchester  Society  an  essay,  con- 
taining the  first  general  outline  that  was  published  of  his  specula- 
tions.* This  was  followed,  in  1808,  by  a  fuller,  but  still  very  con- 
cise, development  of  his  views,  in  the  first  part  of  his  New  System 
of  Chemical  Philosophy.  Of  this  theory  I  shall  now  offer  such  il- 
lustrations, as  I  trust  will  render  it  intelligible  to  the  reader. 

Though  we  appear,  when  we  effect  the  chemical  union  of  bodies, 
to  operate  on  masses^  yet  it  is  consistent  with  the  most  rational 
view  of  the  constitution  of  bodies  to  believe,  that  it  is  only  between 
their  uUitnale  particles  that  combination  takes  place.  Of  such  ulti- 
mate particles,  the  existence,  it  must  be  confessed,  cannot  be  de* 
monstrated;  nor  can  any  thing  more  than  a  high  degree  of  proba- 
bility be  alleged  in  its  favour,  a  degree  of  probability,  however, 
much  outweighing  any  that  can  be  produced  of  the  infinite  divisi- 
bility of  matter.  On  this  subject  the  immortal  Newton,  after  re- 
flecting on  the  then  known  chemical  phenomena,  has  thus  express- 
ed himself  (in  the  31st  Query,  subjoined  to  his  Treatise  on  Optics, 
4th  edition,  p.  350): — "It  seems  to  me  probable  that  God,  in  the 
beginning,  formed  matter  in  solid,  massy,  hard,  impenetrable, 
moveable  particles,  of  such  sizes  and  figures,  and  with  such  other 
properties,  and  in  such  proportions  to  space,  as  most  conduced  to 
the  end  for  which  he  formed  them ;  and  that  the  primitive  parti- 
cles, being  solids,  are  incomparably  harder  than  any  porous  bodies 
compounded  of  them;  even  so  very  hard,  as  never  to  wear  or  break 
in  pieces,  no  ordinary  power  being  able  to  divide  what  God  him- 
sell  made  one  in  the  first  creation,"  8cc  To  this  argument,  drawn 
from  general  physics,  others  of  a  similar  kind  have  been  added,  by 
Leibnitz  and  Boscovich;  and  conclusions,  of  the  same  tendency, 
have,  in  more  recent  times,  been  deduced  from  astronomical  obser- 
vations. In  an  Essay  on  the  Finite  Extent  of  the  Atmosphere,  pub- 
lished in  the  Phil.  Trans,  for  1822,  Dr.  Wollaston  has  observed, 
that  **  since  the  law  of  definite  proportions,  discovered  by  chemists, 
is  the  same  for  all  kinds  of  matter,  whether  solid,  fluid,  or  elastic, 
if  it  can  be  ascertained  that  any  one  kind  of  matter  consists  of  par- 
ticles no  longer  divisible,  we  then  can  scarcely  doubt  that  all  other 
bodies  arc  similarly  constituted;  and  we'may  without  hesitation 
conclude  that  those  equivalent  (|uantities,  which  we  have  learned 
to  appreciate  by  proportionate  numbers,  do  really  express  the  rela- 
tive weights  of  elementary  atoms,  the  ultimate  objects  of  chemical 

*  Ifan.  Mem.  2d  series,  vol.  i.  286.  To  this  EsMy  Mr.  Dalton  has  annexed 
"  A  Tible  of  the  BeUtive  Weights  of  the  Ultimate  Particles  of  Gaseous  and 
•thcr  »-*—  •• 
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research."  From  a  series  of  observations  on  the  planet  Jupiter, 
Dr.  Wollaston  was  led  to  conclude,  that  ^  as  this  planet  has  no 
his  due  share  of  an  infinitely  divisible  atmosphere,  the  universal 
prevalence  of  such  a  medium  cannot  be  maintained;  while,  on  th 
contrary,  all  the  phenomena  entirely  accord  with  the  supposition 
that  the  earth's  atmosphere  is  of  finite  extent,  limited  by  the  weight 
of  ultimate  atoms  of  definite  magnitude,  no  longer  divisible  by  re* 
pulsion  of  their  parts." 

The  ultimate  particles,  then,  or  atoms,  of  all  bodies,  probably 
consist  of  solid  corpuscles,  each  of  which  forms  a  nucleus,  sur- 
rounded by  an  atmosphere  of  heat  Absolute  contact  is  not  sup- 
posed ever  to  take  place  between  the  atoms  even  of  inelastic  bodies, 
since,  at  all  temperatures  to  which  we  have  access,  the  subtraction 
of  heat  from  a  body  is  followed,  except  when  the  body  changes,  or 
is  about  to  change  its  state,  by  a  contraction  of  volume.  Of  simple 
atoms,  it  seems  most  probable  that  the  8hiq)e  or  figure  is  sphericaL 
But,  of  compound  atoms,  consisting  of  a  single  central  atom,  sur- 
rounded by  other  atoms  of  a  different  kind,  it  is  obvious  that  the 
figures  (contemplating  the  solid  corpuscles  only)  cannot  be  spheri- 
cal ;  yet,  if  we  include  the  atmosphere  of  heat,  the  figure  of  a  com- 
pound atom  may  be  spherical,  or  some  shape  approaching  to  a 
sphere. 

Taking  for  granted  that  combination  takes  place  between  the 
atoms  of  bodies  only,  Mr.  Dalton  has  deduced,  from  the  relative 
weights  in  which  bodies  unite,  the  relative  weights  of  their  ultimate 
particles,  or  atoms.  This  is  all  that  we  are  likely  to  determine  re- 
specting them;  for  it  is  not  probable  that  our  knowledge  will  ever 
extend  beyond  the  ratios  of  these  weights.  When  only  one  com- 
bination of  any  two  elementary  bodies  exists,  he  assumes,  unless 
the  contrary  can  be  proved,  that  its  elements  are  united  atom  to 
atom  singly.  Combinations  of  this  sort  he  calls  binary.  But,  if 
several  compounds  can  be  obtained  from  the  same  elements,  they 
combine,  he  supposes,  in  proportions  expressed  by  some  simple 
multiple  of  the  number  of  atoms.  The  following  table  exhibits  a 
view  of  some  of  these  combinations. 

1  atom  of  A  +  1  atom  of  B  =  1  atom  of  C,  binary. 

1  atom  of  A  +  2  atoms  of  B  ssx  1  atom  of  D,  ternary. 

2  atoms  of  A  +  1  atom  of  B  =  1  atom  of  E,  ternary. 

1  atom  of  A  -f-  3  atoms  of  B  «=  1  atom  of  F,  quaternary. 

3  atoms  of  A  -f  1  atom  of  B  =  1  atom  of  G,  quaternary. 
These  combinations  Mr.  Dalton  represented  by  characters,  of 

which,  as  they  have  not  come  into  general  use,  I  shall  ofier  only  a 
few  examples.  I'rom  their  figure  they  appear  to  mc  better  adapted 
than  symbols  of  any  other  shape,  to  aid  our  conceptions  of  the 
manner  in  which  spherical  atoms  may  unite.  Oxygen  is  denoted 
by  O ;  Hydrogen  by  O  ;  Nitrogen  by  ® ;  Carbon  by  %  ;  and  so  of 
the  rest. 

In  water  we  have  1  atom  of  oxygen  united  with  1  atom  of  hydro- 
gen, OO.  The  binary  compound  of  oxygen  and  nitrogen  may  be 
represented  by  Q®-    '^'b^  ternary  compound  by  0©0- 
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O 

The  quaternary  compound  by  (DQ, 

O 
As  an  illustration  of  the  mode  in  which  the  relative  weights  of 

the  atoms  of  bodies  are  determined,  let  us  suppose  that  any  two 
elementary  substances,  A  and  B,  form  a  binary  compound ;  and  that 
they  have  been  proved  experimentally  to  unite  in  the  proportion, 
by  weight,  of  5  of  the  former  to  4  of  the  latter;  then  since,  accord- 
ing to  the  hypothesis,  they  unite  particle  to  particle,  those  numbers 
will  express  the  relative  weights  of  their  atoms.  But  besides  com- 
bining atom  to  atom  singly,  1  atom  of  A  may  combine  with  2  of 
B,  or  with  3, 4,  &c.  Or  1  atom  of  B  may  unite  with  2  of  A^  or  with 
3,  4,  Sec.  When  such  a  scries  of  compounds  exists,  the  relative 
proportion  of  their  elements  ought  necessarily,  on  analysis,  to  be 
proved  to  be  5of  A  to4of  B;  or5  to(4  x  2  =)8;  or5  to(4  X  3  «) 
12,  &c.;  or  contrariwise,  4  of  B  to  5  of  A;  or  4  to  (5  X  2  =)  10; 
or  4  to  (5  X  3  =)  15.  Between  these  there  ought  to  be  no  interme- 
diate compounds:  and  the  existence  of  any  such  (as  5  of  A  to  6  of 
B,  or  4  of  B  to  7i  of  A)  would,  if  clearly  established,  militate  against 
the  hypothesis. 

To  verify  these  numbers,  it  is  necessary  to  examine  the  combi- 
nations of  A  and  B  with  other  bodies.  Let  us  take  C  for  example ; 
and  let  us  suppose  that  A  and  C  form  a  binary  compound,  in  which 
analysis  discovers  5  parts  of  A  and  3  of  C.  Then,  if  C  and  B  are 
also  capable  of  forming  a  binary  compound,  the  relative  proportion 
of  its  elements  ought  to  be  4  of  B  to  5  of  C;  for  these  numbers  de- 
note the  relative  weights  of  their  atoms.  Now  this  is  precisely  the 
method  by  which  Mr.  Dalton  deduced  the  relative  weights  of  oxy- 
gen, hydrogen,  and  nitroj^en;  the  two  first  from  the  known  compo- 
sition of  water,  and  the  two  last  from  the  proportion  of  the  elements 
of  ammonia.  Extending  the  comparison  to  a  variety  of  other  bo- 
dies he  obtained  a  scale  of  the  relative  weights  of  their  atoms; 
which,  corrected  to  agree  with  recent  experiments,  is  as  follows : 

1.  In  fcafefj  the  hydrogen  is  to  the  oxygen  as  1  to  8. 

2.  In  olefiant  gas^  the  hydrogen  is  to  the  carbon  as      1  to  6. 

.'>.  In  carbonic  ojidr,  the  oxygen  is  to  the  carbon  as     8  to  6. 

Whether,  therefore,  we  determine  the  weight  of  the  atom  of  car- 
bon, from  the  proportion  in  which  it  combines  with  hydrogen,  or 
with  oxygen,  we  arrive  at  the  same  number,  6:  an  agreement  which, 
as  it  occurs  in  various  other  instances,  can  scarcely  be  an  accidental 
coincidence.  In  a  similar  manner,  8  is  dcducil)le,  as  representing 
the  atom  of  oxvf^eii,  both  from  the  combination  of  that  base  with 
hydrogen  and  with  carbon;  and  1  is  inferred  to  be  the  relative  weight 
of  the  atom  of  hydrogen  from  the  two  principal  compounds  into 
which  it  enters. 

In  selecting  the  body,  which  should  be  assumed  as  unity,  Mr. 
Dalton  has  been  induced  to  fix  on  hydrogen,  because  it  is  that  body 
which  unites  with  others  in  the  smallest  proportion  by  weight. 
Thus,  in  water,  we  have  1  of  hydrogen  by  weight  to  8  of  oxygen ; 
in  olefiant  ga%  1  of  hydrogen  to  G  of  carbon;  and  in  sulphureted 
hydrogen,    1  of  hydrogen  to  10  of  sulphur.     Taking  for  granted 
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that  all  these  bodies  are  binary  compounds,  we  have  the  following 
scale  of  numbers,  expressive  of  the  relative  weights  of  the  atoms 
of  their  elements : 

Hydrogen -       1 

Oxygen 8 

Carbon -      6 

Sulphur      ----- -16 

Drs.  Wollaston  and  Thomson,  and  Professor  Berzeliua,  on  the 
other  hand,  have  assumed  oxygen  as  the  decimal  unit,  (the  first 
making  it  10,  the  second  1,  and  the  third  100,)  chiefly  with  a  view- 
to  facilitate  the  representation  of  the  numerous  compounds  of  oxy- 
gen with  other  bodies.  This,  it  appears  to  me,  is  to  be  regretted, 
even  though  the  change  may  be  in  some  respects  for  the  belter,  be- 
cause it  is  extremely  desirable  that  chemical  writers  should  employ 
a  standard  of  comparison  for  the  weights  of  the  atoms  of  bodies 
that  may  be  universally  and  at  once  understood;  and  the  hydrogen 
scale  appears  to  me  to  deserve  a  preference,  because  the  numbers 
composing  it,  so  far  as  experiment  has  yet  shown,  are  so  nearly 
simple  multiples  of  the  weight  of  hydrogen  taken  as  1,  that  the 
deviations  from  strict  conformity  to  the  rule  may  be  safely  ascrib- 
ed to  unavoidable  errors  of  manipulation.  This  will  appear  from 
consulting  the  Table  of  Bcrzclius,in  the  appendix  at  the  end  of  voL 
ii.  of  this  work.  But  the  scale,  in  which  oxygen  is  taken  as  unity, 
necessarily  involves  the  use  of  fractional  numbers,  as  in  the  fol- 
lowing examples: 

Oxygen^  =  1.  Oxygen^  =10. 

Hydrogen "  0.1 25  1.25 

Carbon 0.75  7.50 

Nitrogen 1.75  17.5 

It  is  true  that  these  numbers  are  easily  converted  into  each  other 
by  a  simple  arithmetical  rule.  Thus  to  know  what  number  would 
be  equivalent  (oxygen  being  supposed  1,  10,  or  100)  to  any  known 
number  on  the  hydrogen  scale,  say  as  8  is  to  1,  10,  or  100,  so  is  the 
known  equivalent  to  the  number  sought.  And,  contrariwise,  the 
equivalent  in  the  hydrogen  series  to  any  known  number  on  the  oxy- 
gen scale  is  obtained  by  the  proportion  1, 10,  or  100  :  8  : :  the  given 
number  :  the  number  sought 

When  any  two  bodies  unite,  so  far  as  we  know,  in  one  proportion 
only,  the  relative  weight  of  their  atoms  is  in  most  cases  determined 
by  their  combining  proportion.  Thus  since  hydrogen  and  chlorine 
unite  only  in  the  proportion  by  weight  of  1  of  the  former  to  36  of 
the  latter,  we  consider  the  relative  weight  of  the  atom  of  hydrogen 
to  that  of  the  atom  of  chlorine  to  be  as  1  to  36.  But  when  one  body 
unites,  in  diffei^ent  proportions,  with  another,  it  is  necessary,  in 
order  to  ascertain  the  weight  of  its  atom,  that  we  should  know  the 
smallest  proportion  in  which  the  former  combines  with  the  latter. 
Thus,  if  wc  have  a  body  A,  100  parts  of  which  by  weight  combine 
with  not  less  than  32  oi'  oxygen,  the  relative  weight  of  its  atom  will 
be  to  that  of  oxygen  as  100  to  32;  or,  reducing  these  numbers  to  their 
lowest  terms,  as  25  to  8;  and  the  number  25  will  express  the  rela- 
tive weight  of  the  atom  of  A.    But  if,  in  the  progress  of  science. 
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it  should  be  found,  that  100  parts  of  A  are  capable  of  uniting  with 
16  parts  of  oxygen,  then  th^  relative  weight  ot  the  atom  of  A  must 
be  doubled,  for  as  100  is  to  16,  so  is  50  to  8.  This  example  will 
serve  to  explain  the  changes,  that  have  been  sometimes  made, 
in  the  weights  of  the  atoms  of  certain  bodies;  changes  which,  it 
maf  l^  observed,  always  consist  either  in  a  multiplication,  or  divi- 
sion, of  the  original  weight,  by  some  simple  number.  It  is  proper, 
however,  to  slate  that  the  combining  proportions  are  not  ot  them- 
selves sufficient,  for  reasons  which  will  soon  be  assigned,  to  decide, 
in  all  cases,  the  true  atomic  weights  of  bodies. 

There  are  (it  must  also  be  acknowledged)  a  few  cases,  in  which 
one  body  combines  with  another  in  different  proportions;  and  yet 
the  greater  proportions  are  not  multiples  of  the  less,  by  any  entire 
number.  For  example,  we  have  two  oxides  of  ii*on,  the  first  of 
which  consists  of  100  iron  and  about  30  oxygen;  the  second  of  100 
iron  and  about  45  oxygen.  But  the  numbers  SO  and  45  are  to  each 
other  as  1  to  li.  It  will,  however,  render  these  numbers,  (1  and  H) 
consistent  with  the  law  of  simple  multiples,  if  we  multiply  each  of 
them  by  2,  which  will  change  them  to  2  and  3 ;  and  if  we  suppose  that 
there  is  an  oxide  of  iron  (though  it  has  not  yet  been  obtained  ex- 
perimentally), consisting  of  100  iron  and  15  oxygeti;  for  the  multi- 
plication of  this  last  number  by  2  and  3  will  then  give  us  the  known 
oxides  of  iron. 

In  these  cases,  where  we  have  the  apparent  anomaly  of  1  atom 
of  one  substance,  united  with  li  of  another,  it  has  been  proposed, 
by  Dr.  Thomson  (Ann.  of  Phil.  v.  187),  to  remove  the  difficulty,  by 
assuming  that,  in  such  compounds,  we  have  2  atoms  of  the  one 
combined  with  3  atoms  of  ihc  other.  This  saves  us  the  neces- 
sity of  speaking  of  fractions  of  atoms,  which,  from  the  definition 
of  the  word  atonij  implying  indivisibility,  is  evidently  a  contradic- 
tion in  terms.  Such  combinations,  it  is  true,  are  exceptions  to  a 
law  deduced  by  Berzelius,— //lo/,  in  all  inorganic  compounds^  one  of 
the  €onstituetUH  in  in  the  state  of  a  sins^le  atom.  But  they  are  in  no  re- 
spect inconsistent  with  the  views  of  Mr.  Dalton ;  and  are,  indeed, 
expressly  admitted  l)y  him  to  be  compatible  with  his  hypothesis, 
as  well  as  confirmed  by  experience.     (Ann.  of  Phil.  iii.  174.) 

The  investigation  of  the  numl)€r  of  atoms  in  compounds  is  at- 
tended with  considerable  difficulty,  and  cannot  always  be  decided 
by  the  combining  proportions  merely,  without  regard  to  other  con- 
siderations. On  this  subject  Mr.  Dalton,  in  the  2d  part  of  his 
New  System*  recently  published,  has  made  the  following  remarks: 
—"When  two  bodies,  A  and  B,  combine  in  multiple  proportions; 
for  instance,  when  10  parts  of  A  combine  with  7  of  B  to  form  one 
compound,  and  with  14  to  form  another,  we  are  directed  by  some 
authors  to  take  the  smallest  combining  proportion  of  one  body,  as 
representative  of  the  elementary  particle  or  atom  of  that  bo<ly.  Now 
it  must  be  obvious  to  any  one  of  common  reflection,  that  such  a 
rule  will  be  more  frequently  wrong  than  right.  For,  by  the  above 
rule,  we  must  consider  the  first  of  the  combinations  (10  A  -f-  7  B)  as 
containing  1  atom  of  B,  and  the  second  (10  A  -f-  14  B)  as  contain- 
ing 2  atoms  of  B,  with  1  atom  or  more  of  A ;  whereas  it  is  equally 
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probable,  by  the  same  rule,  that  the  compounds  may  be  2  atoms  of 
A  to  1  atom  of  B,  and  1  atom  of  A  to  1  of  B  respectively.  For 
the  proportions  being  10  A  to  7  B  (or,  which  is  the  same  ratio,  20 
A  to  14  B),  and  10  A  to  14  B,  it  is  clear  by  the  rule,  that  when  the 
numbers  are  thus  stated,  we  must  consider  the  former  combination 
as  composed  of  2  atoms  of  A,  and  the  latter  of  1  atom  of  Ay 
united  to  1  or  more  of  B.  Thus  there  would  be  an  equal  chaace 
for  right  or  wrong.  But  it  is  possible  that  10  of  A  and  7  of  B 
may  correspond  to  1  atom  of  A  and  2  atoms  of  B ;  and  then  10  of 
A  and  14  of  B  must  represent  1  atom  A  and  4  atoms  B.  Thus,  it 
appears,  the  rule  will  be  more  frequently  wrong  than  right." 

A  particular  example  may,  perhaps,  render  the  difficulty  above 
stated  more  intelligible  to  the  student  Two  oxides  of  copper  have 
been  ascertained  to  exist : 

1st.     8  oxygen  +  64  copper  =  the  red  oxide. 
2d.    16  oxygen  +  64  copper  =  the  black  oxide. 

Now  these  oxides  may  be  variously  contemplated ;  for  we  may 
either  consider  the  first  as  the  true  binary  compound  of  1  atom  of 
oxygen  +  ^  atom  of  metal,  and  the  second  of  2  atoms  of  oxygen 
+  1  atom  of  metal;  or  we  may  (with  equal  probability,  apart  from 
other  considerations)  view  the  second  as  the  binary  compound  of  1 
atom  of  oxygen  (8)  +  1  atom  of  copper  (32),  which  are  the  same 
proportions  as  16  to  64.  The  first  compound  will,  in  that  case, 
come  to  be  regarded  as  1  atom  of  oxygen  -f*  2  atoms  of  metal* 
32  X  2  ss  64.  The  latter  view,  in  fact,  is  the  one  actually  taken  of 
these  oxides  by  Dr.  Thomson,  who  regards  the  first  compound  as 
a  suboxide,  and  the  second  not,  as  it  is  generally  considered,  as  a 
deutoxide,  but  as  a  protoxide.  In  all  cases  of  this  sort,  it  is  neces- 
sary to  examine,  not  only  the  compound  of  the  two  elementary 
bodies  with  each  other,  but  the  compounds  of  each  with  other 
bodies;  and  also  to  balance  the  probabilities  derived  from  other 
considerations,  such  as  the  comparative  facilities  with  which  the 
respective  compounds  are  formed  or  decomposed ;  their  converti- 
bility into  each  other;  and  the  permanence  or  instability  which  be- 
long to  them. 

When  only  one  compound  of  any  two  gaseoiis  elements,  A  and 
B,  exists,  it  is  most  reasonable  to  suppose  that  it  is  composed  of  1 
atom  of  A  -f-  1  atom  of  B,  because  an  additional  atom  of  either 
element  (B  for  example)  would  introduce  a  new  force,  diminishing 
the  attraction  of  the  two  elements  for  each  other,  viz.  the  mutual 
repulsion  of  the  atoms  of  B;  and  this  repulsion  will  be  the  greater, 
in  proportion  as  we  increase  the  number  of  the  atoms  of  B.  When 
more  than  one  compound  of  two  elements,  A  and  B,  exists,  that 
which  is  with  most  difliculty  decomposed  is  'probably  the  binary 
one  of  atom  to  atom.  For  example,  it  is  much  more  probable  that 
water  is  constituted  of  an  atom  of  oxygen,  +  an  atom  of  hydrogen, 
than  that  the  deutoxide  of  hydrogen  should  be  so  composed;  for  in 
the  latter,  one  proportion  of  oxygen  is  so  weakly  combined  as  to 
escape  merely  by  virtue  of  its  own  elasticity. 

In  every  science  it  is  necessary  clearly  to  distinguish  between 
what  is  certain,  and  what  is  merely  probable.     The  laws  of  com- 
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binadon,  in  definite  and  multiple  proportions,  appear  to  me  to  be- 
long to  the  former  class ;  but  the  generalization,  which  explains 
those  truths  by  speculations  respecting  atoms,  must  be  acknow- 
ledged, in  its  present  state,  to  be  entirely  theoreticaL  The  proba- 
bilities, however,  in  favour  of  this  theory,  increase  with  the  pro- 
greM  of  science.  That  bodies  consist  of  ultimate  indivisible  atoms; 
-^hat  these  ultimate  atoms  have  in  different  bodies  different 
weights;^that  it  is  only  between  these  atoms  that  chemical  combi- 
nation takes  place ; — and  then  either  between  single  atoms,  or  by 
simple  multiples  of  atoms, — are  propositions  which  niay  be  con- 
sidered as  sale  ground  for  our  future  reasonings.  But  the  details 
of  the  theory,  it  must  be  acknowledged,  are  still  open  to  further 
investigation,  and  no  one  is  more  aware  than  the  illustrious  author 
of  it  himself,  that  we  still  want  data  sufficiently  exact  for  determin- 
ing the  relative  weights  of  the  atoms  of  many  bodies,  especially  of 
those  which  arc  known  to  us  only  in  a  gaseous  state.  (See  his  New 
System,  vol.  iL  p.  351.)  No  better  service  could  be  rendered  to 
chemical  science  than  the  accurate  determination  of  these  most  im- 
portant data,  which  ought  not  to  rest  on  the  testimony  of  any  one 
individual,  however  great  his  reputation  or  his  skill,  but  to  be  de- 
cided by  the  concurring  testimony  of  witnesses,  competent  to  the 
task  and  uninfluenced  by  theoretical  predilections. 

Before  dismissing  the  consideration  of  the  proportions  in  which 
bodies  combine,  h  will  be  proper  to  notice  a  few  general  principles, 
which,  though  they  are  connected  with  the  atomic  theory,  have 
been  derived  from  experience. 

1.  When  we  have  ascertained  the  proportion  in  which  any  two 
or  more  bodies,  ABC,  Sec.  of  one  class  neutralize  another  body  X 
of  a  different  class,  it  will  be  found  that  the  same  relative  propor- 
tions of  A  B  C,  &c.  will  be  required  to  neutralize  any  other  body 
of  the  same  class  as  X.  Thus,  since  40  parts  of  real  sulphuric 
acid,  and  54  of  real  nitric  acid,  neutralize  48  of  potassa,  and  since 
40  of  sulphuric  acid  neutralize  28  of-  lime,  we  may  infer  that  54  of 
nitric  acid  will  neutralize  the  same  quantity  (£8)  of  lime.  The 
great  importance  of  this  law  will  readily  be  perceived,  not  only 
as  it  enables  us  to  anticipate,  but  also  to  correct,  the  results  of 
analvsis. 

2dly.  If  the  quantities  of  two  bodies,  A  and  B,  that  arc  necessa- 
ry to  saturate  a  given  weight  of  a  third  body,  X,be  represented  by  q 
and  r,  these  quantities  may  be  called  equivalents^  and  may  be  ex- 
pressed by  a  series  of  numbers.  In  the  example  above  cited,  40 
parts  of  sulphuric  acid  and  54  of  nitric  acid,  are  equivalents  of 
each  other,  and  also  of  48  potassa.  By  some  writers,  proportion  and 
proportionai  arc  used  as  terms  synonymous  to  equivalent:  and,  as 
the  relative  weights  of  the  ultimate  particles  of  bodies  are  deduced 
from  the  proportions  in  which  they  combine,  it  is  evident  that  the 
same  series  of  numbers  will  express  also  the  atomic  weights  of 
bodies.  In  the  Appendix  will  be  found  an  extensive  TMe  ofEqui- 
vaUni  or  Atomic  ft  eights^  tho  foundation  of  which  was  sagaciously 
laid  by  Dr.  Wollaston,  in  1814,  on  the  best  analyses  then  known; 
and  it  has  been  since  enlarged  and  corrected  by  the  labours  of  sub- 
VoL   I.  II 
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sequent  chemists.     By  adapting  a  table  of  this  sort  to  a  moTeabk 
scale,  on  the  principle  of  Gunter's  sliding  rule,  Dr.  Wollaston  con- 
structed an  instrument,  called  the  Logornetric  Scale  of  Chemiad 
Equivalents^  which  is  capable  of  solving,  with  great  facility,  a  num- 
ber of  problems,  interesting  both  to  the  scientific  and  practical  che- 
mist*  (Phil.  Trans.  18147)  Some  applications  of  this  inatnunent, 
to  researches  into  the  constitution  of  organic  bodies,  haTe  been 
pointed  out  by  Dr.  Prout.   (Ann.  of  Phil.  vL  270.) 

Ixzw  of  Volumes. 

I 

An  extension  of  the  law  of  definite  proportions,  so  far  as  re* 
•pects  aeriform  bodies,  has  been  proposed  by  Gay  Lussac,  namely* 
that  they  combine  in  proportions  determinable  by  volumitj  the  ra- 
tios being  1  volume  of  A  to  1  of  B,  or  i  to  2,  or  1  to  3,  &c  Water, 
for  example,  results  from  the  union  of  2  volumes  of  hydrogen  gas 
with  1  volume  of  oxygen  gas ;  muriate  of  ammonia  from  one  volume 
of  muriatic  acid  gas  +  1  of  ammonia;  nitrous  gas  from  1  measure 
of  oxygen  +  1  of  nitrogen;  nitrous  oxide  from  1  oxygen  +  2  nitro- 
gen ;  nitrous  acid  from  2  oxygen  +  1  nitrogen. 

When  the  product  remains  gaseous,  there  is  either  no  condensa- 
tion of  elements,  or,  if  there  be  a  condensation,  it  bears  some  sim- 
ple and  uniform  relation  to  the  volumes  of  the  gases  wMcb  have 
combined :  Thus, 

vol.  vol  vol 

1  of  chlorine  +  1  hydrog.   =  2  muriatic  acid  gas. 

2  of  hydrog.   -|-  1  oxyg.       a=  2  aqueous  vapour. 
1  of  nitrog.     +  i  oxyg.       a=3  1  nitrous  oxide. 

1  of  nitrog.     -f  1  oxyg.       =  2  nitrous  gas. 

Having  established  the  law  of  definite  and  muldple  volumes,  in 
a  variety  of  cases  admitting  of  the  actual  measurement  of  the 
Volumes  before  and  after  combination,  Gay  Lussac  extended  it  to 
other  cases  of  chemical  union,  where  one  of  the  bodies  is  not  known 
to  us  as  a  gas  in  its  separate  form.  For  example,  we  have  never 
yet  seen  gaseous  carbon,  but  we  conclude  from  analogy  that,  at  a 
sufficiently  high  temperature,  it  would  be  capable  of  being  volatil- 
ized. Wc  know,  also,  that  by  combination  with  oxygen  and  with 
hydrogen,  carbon  furnishes  gaseous  compounds,  and  that  oxygen 
gas,  by  having  charcoal  burned  in  it,  has  its  specific  gravity  in- 
creased from  1.1111  to  1.5277,  its  volume  remaining  the  same. 
The  difference  between  these  two  numbers  will,  therefore,  denote 
the  weight  of  carbon,  which  a  volume  of  oxygen  has  absorbed;  viz. 
1.5277 — 1.1 11 1  =  0.4166.     From  analogy.  Gay  Lussac  concludes, 

•  Thif  instrument  (or  similar  ones,  accommodated  to  the  present  state  of  cbe- 
nical  science^  and  in  whicli  hydro^ren  is  made  unity)  may  be  had,  with  printed 
instructions,  of  tlie  makers  of  philosophical  apparatus,  and  at  so  trifling  a  cost, 
that  1  consider  a  plate  of  it  to  be  quite  unnecessary.  A  common  sliding  rule  will 
be  found  a  most  useful  accompaniment  to  it.  This  also,  witli  a  book  of  instruc- 
tions for  its  use,  by  Mr.  Uo-an,  may  be  had  of  Mr.  Carey,  London.  Facility  in 
the  use  of  the  common  sliding  rule  will  be  found  extremely  useful  to  the  che- 
mist, especially  in  all  operations  of  arithmetic,  in  which  proportion  is  concerned 
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that  I  Tolnme  of  gaseous  carbon  unites  with  1  volume  of  oxygen 
gas  to  form  carbonic  acid,  and  that  0.4166  represents  the  weight  of 
the  former.  But  it  is  evident  that  the  facts  are  equally  well  ex- 
plained, if  we  suppose  a  greater  or  less  volume  of  gaseous  carbon 
to  be  so  combined,  provided  its  weight  be  proportional;  for  exam- 
ple, it  volumes  of  carbon  weighing  half  the  above  number,  or 
(KSMS  X  2,  may  unite  with  1  volume  of  oxygen  to  form  carbonic 
acid*  In  all  such  instances,  then,  it  is  matter  of  theory  that  bodies^ 
not  known  to  us  as  gases,  unite  in  volumes  which  are  equal,  or 
multiples,  or  sub-multiples,  of  those  of  known  gases;  nor  can  we 
be  certun,  admitting  the  probability  of  such  combinations,  that 
the  volumes  assigned  are  actually  the  true  ones. 

No  good  reason  could  have  been  given  d  priori^  why  gaseous 
bodies  should  unite  in  these  simple  proportions  as  to  volume ;  but 
the  principle  being  established,  it  is  evident  that  the  law  of  volunies, 
and  that  of  determinable  weights,  equally  confirm  the  general  prin- 
ciples of  the  atomic  theory.  The  first  indeed  expresses  nothing 
more  than  the  laws  of  definite  and  multiple  proportions  under  an- 
other form,  proportional  volumes  being  contemplated  instead  of 
proportional  wnghts.  But  if  we  admit  the  law,  as  thus  modified, 
the  qutetion  still  recurs,  why  does  combination  take  place  among 
gases  in  definite  and  in  multiple  volumes  ?  To  this  question,  the 
atomic  theory  furnishes  the  only  answer,  viz,  that  in  a  definite 
volume  of  every  gas,  the  pressure  and  temperature  being  supposed 
the  same,  we  have  a  definite  number  of  ultimate  particles  or  atoms, 
which  is  always  the  same  for  each  gas  so  circumstanced*  But  it 
may  still  be  doubted,  whether  equal  volumes  of  different  gases  con- 
tain equal  or  unequal  numbers  of  atoms.  According  to  Mr.  Dal- 
ton*s  view,  1  volume  of  oxygen  gas  contains  as  many  ultimate 
atoms  as  2  volumes  of  hydrogen.  Berzelius,  on  the  contrary,  sup- 
poses that  in  equal  volumes  of  oxygen,  hydrogen,  and  some  other 
gases,  we  have  equal  numbers  of  atoms.  If  the  latter  opinion  were 
U'ue,  the  relative  weights  of  the  atoms  of  such  gases  would  be  cor- 
rectly expressed  by  their  specific  gravities.  Hydrogen,  for  in- 
stance, being  16  times  lighter  than  oxygen,  if  we  take  1  for  the 
atomic  weight  of  hydrogen,  16  must  be  taken  for  that  of  oxygen, 
and  we  must  double  the  atomic  weight  of  every  substance  which 
has  been  deduced  from  the  combination  of  that  substance  with  oxy- 
gen. Carbon,  for  instance,  must  be  represented  by  12,  sulphur  by 
S2,  and  so  of  the  rest  This  has  actually  been  done  by  Berzelius, 
and  it  is  necessary  that  in  referring  to  his  table  of  atomic  weights, 
eiven  in  the  Appendix,  the  reader  should  be  aware  that  they  are, 
for  the  most  part,  even  when  corrected  by  the  rule  given,  p.  54, 
nearly  double  of  those  received  in  this  country.  That  they  are 
not  so  exactly,  is  owing  to  his  having  derived  them  in  many  cases 
from  experimental  data  of  his  own,  or  of  other  continental  che- 
mists. 

On  the  law  of  volumes,  as  first  generalized  by  M.  Gay  Lussac, 
were  founded  some  interesting  speculations,  published  anonymous- 
ly in  Dr.  Thomson's  Annals  ot  Philosophy,  for  Nov.  1815,  but 
•ince  acknowledged  by  Dr.  Prout,  On  the  Rthtian  hetwten  the  Spe- 
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ct/ic  Granities  of  Bodies  in  their  Chueous  State,  and  the  Wdsht  9f 
their  Moms,  Assuming  atmospheric  air  to  be  constituted  of  four 
volumes  of  azote,  and  one  volume  of  oxygen,  and  considering  the 
weight  of  the  atom  of  oxygen  as  10,  and  that  of  the  atom  of  azote 
as  ir.5,  he  finds  the  specific  gravities  to  be 

Of  oxygen  gas 1.1111 

Of  azote .972 

From  the  specific  gravity  and  composition  of  ammonia  he  de- 
duces the  specific  gravity  of  hydrogen  gas  to  be  0.0694.  The  spe- 
cific gravity  of  oxygen  thus  obtained  is,  therefore,  exactly  16  times 
that  of  hydrogen,  and  the  specific  gravity  of  azote  just  14  times. 
By  a  similar  method,  he  inferred  the  specific  gravity  of  other  gases, 
and  also  of  some  elementary  substances  in  a  gaseous  state,  that  do 
not  at  ordinary  temperatures  exist  in  that  state;  and  he  embodied 
the  results  in  the  form  of  tables,  from  which  he  drew  the  then  re- 
markable conclusion,  that  all  the  elementary  ntmbers,  hydrogen  being 
considered  as  1,  are  midtiples  of  the  atomic  iveiglU  of  hydrogen  by  a 
whole  number.  Dr.  Prout  also  first  pointed  out  that  to  find  the  spe- 
cific gravity  of  any  substance  in  the  state  of  gas,  we  have  only  to 
multiply  half  the  specific  gravity  of  oxygen  gas  by  the  atomic 
weight  of  lh<^  su!)stance,  with  respect  to  oxygen.  For  instance,  the 
combining  ratio  in  volume  between  oxygen  and  iodine  is  as  ^  to  1, 
and  the  combining  ratio  in  weight  as  Tto  15.5.  Now  .5555,  the 
density  of  half  a  volume  of  oxygen,  multiplied  by  15.5,  gives 
8.61111,  for  the  specific  gravity  of  vaporous  iodine.  In  several  in- 
stances, the  numbers  thus  deduced  have  been  confinned  by  a  valua- 
ble series  of  experiments,  undertaken  by  Dumas,  with  the  view  of 
determining  the  atomic  weights  of  bodies  by  the  density  of  their 
vapours.  (Ann.  de  Chim.  et  dc  Pliys.  Dec.  1826.)  The  specific 
gravity  of  gaseous  iodine,  for  example,- Dumas  finds  by  experiment 
to  be  8.riG,  a  deviation  from  the  theoretical  number  (8.Glll)of 
too  small  amount  to  impeach  the  accuracy  of  the  method  of  rea- 
soning, from  which  the  latter  number  had  been  derived. 

Laws  of  Professor  BerzcUus. 

It  may  perhaps  be  expected  that  in  this  chapter  I  should  take 
some  notice  of  the  contributions  of  Professor  Berzelius,  of  Stock- 
holm, to  the  Atomic  Theory,  and  of  his  peculiar  views,  as  stated 
in  an  8vo.  volume  entitled  Easai  sur  la  Th^oric  des  Proportions  Chi- 
miques^  Paris^  1819;  and,  also,  in  the  article  Proportions  Determi- 
nate of  Dr.  Brewster's  Edinburgh  Encyclopxdia.  The  facts  con- 
tributed by  that  able  and  zealous  chemist,  m  proof  of  the  laws  of 
definite  and  multiple  proportions,  can  scarcely  be  too  highly  valued. 
For  many  years,  he  has  been  employed  in  conducting  analyses  with 
Consummate  skill  and  unwearied  industry.  But  in  deducing  general 
laws,  he  does  not  seem  to  have  been  equally  fortunate;  for  all  those 
which  are  correct  are  obvious  corollaries  from  the  atomic  doc- 
trines of  Mr.  Dalton,  and  those  which  do  not  flow  from  that  doc- 
trine are  generally  erroneous.  This  I  shall  have  occasion  to  show 
hereafter,  especially  in  connrxion  with  the  general  observations 
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prefixied  to  the  chapter  on  Metals.  With  the  nomenclature  of  Ber- 
leliua,  and  his  method  of  notation,  it  is,  however,  quite  essential 
that  the  student  should  obtain  an  acquaintance,  in  order  to  avail 
himself  of  the  vast  fund  of  valuable  information  which  that  phi- 
losopher, and  others  of  his  school,  have  shrouded  (unfortunately 
for  science)  in  language  and  symbols  calculated  to  perplex  the 
reader.  To  avoid,  however,  any  interruption  to  the  subject  in  this 
place,  I  shall  prefix  the  necessary  information  to  his  table  of  atomic 
weights.  (See  the  Appendix,  vol.  ii.) 


SECTION  IV. 

Of  Elective  .Affinity. 

An  important  law  of  aiTinity,  deduced  chiefly  fram  the  pheno- 
mena of  chemical  decomposition,  is,  that  one  body  has  not  the 
same  force  of  affinity  towards  a  number  of  others,  but  attracts  them 
unequally.  Thus  A  will  combine  with  B  in  preference  to  C,  even 
when  these  two  bodies  are  presented  to  it  under  equally  favourable 
circumstances.  Or  when  A  is  united  with  C,  the  application  of 
B  will  detach  A  from  C,  and  we  shall  have  a  new  compound,  con- 
sisting of  A  and  B,  C  being  set  at  liberty.  Such  cases  arc  exam- 
ples of  what  is  tprined  in  cliemistry  simple  decomposition^  bv  which 
It  is  to  be  understood  that  a  body  acts  upon  a  compound  of  two  in- 
gredients, and  unites  with  one  of  its  constituents,  leaving  the  other 
at  liberty.  And  as  the  forces  of  afhnity  of  one  body  to  a  number 
of  others  vary,  this  body  has  been  metaphorically  represented  as 
making  an  election;  and  the  affmity  has  been  called  sinp:le  elective 
q^Snify.  Thus,  if  to  liquid  muriate  of  lime,  consisting  of  lime  and 
muriatic  acid,  we  add  potassa,  the  muriatic  acid  exerts  a  stronger 
elective  afiinity  for  the  potassa  than  for  the  lime ;  and  the  lime  falls 
down  in  the  slate  of  a  powder,  or  is  precipitated.  Of  facts  of  this 
kind  a  great  variety  have  been  comprehended  in  the  form  of  tables, 
the  first  idea  of  which  occurred  nearly  a  century  ago  to  Geoffroy,  a 
French  chemist.  The  substance,  whose  affinities  arc  to  be  express- 
ed, is  placed  at  the  head  of  a  column,  and  is  separated  from  the 
rest  by  a  horizontal  line.  Beneath  this  line  arc  arranged  the  bodies 
with  which  it  is  capable  of  combining,  in  the  order  of  their  respec- 
tive forces  of  affinity;  the  substance,  which  it  attracts  most  strong- 
ly, being  placed  nearest  to  it,  and  that  for  which  it  has  the  least  af- 
anity  at  the  bottom  of  the  column.  The  affinities  of  muriatic  acid, 
for  example,  are  exhibited  by  the  following  scries  >— 

MURIATIC    ACID. 


Baryta, 

Potassa, 

Soda, 

Lime, 

Ammonia, 

Magnesia,  See.  See. 
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Simple  decompositions  may  be  expressed  also  by  another  fomif 
contrived  by  Bergman.  Thus  the  following  scheme  illustrates  the 
decomposition  of  muriate  of  magnesia  by  potassa  ^— 

Muriate  of  Potassa. 


Muriate 


r 


Muriatic  acid.  Potassa* 


of       <  Water  at  60^. 

Magnesia.    Magnesia. 

^^ ^ 

Magnesia. 

The  original  compound  (muriate  of  magnesia)  is  placed  on  the 
outside  and  to  the  left  of  the  vertical  bracket.  The  included  space 
contains  the  original  principles  of  the  compound,  and  also  the 
body  which  is  added  to  produce  decomposition.  Above  and  below 
the  horizontal  lines  arc  placed  the  new  results  of  their  action.  The 
point  of  the  lower  horizontal  line  being  turned  downwards,  de- 
notes that  the  magnesia  falls  down  or  is  precipitated;  and  the  up- 
per line,  being  perfectly  straight,  shows  that  the  muriate  of  po- 
tassa remains  in  solution.  If  both  the  bodies  had  remained  in  solu- 
tion, they  would  both  have  been  placed  above  the  upper  line;  or, 
if  both  had  been  precipitated,  beneath  the  lower  one.  If  either  one 
or  both  had  escaped  in  a  volatile  form,  this  would  have  been  ex- 
pressed by  placing  the  volatilized  substance  above  the  diagram, 
and  turning  upwards  the  middle  of  the  upper  homontal  line.  And 
since  decompositions  vary  under  different  circumstances,  it  is  ne- 
cessary to  denote,  by  the  proper  addition  to  the  scheme,  that  the 
bodies  are  dissolved  in  water  of  the  temperature  of  60®. 

No  chemical  facts  can  appear,  on  first  view,  more  simple  or  intel- 
ligible than  those  which  are  explained  by  the  operation  of  single 
elective  affinity.  It  will  be  found,  however,  on  a  more  minute  exa- 
mination, that  this  force,  abstractedly  considered,  is  only  one  of 
several  causes  which  are  concerned  in  chemical  decompositions, 
and  that  its  action  is  modified,  and  sometimes  even  subverted,  by 
counteracting  forces. 


SECTION  V. 

Of  the  Causes  which  modify  the  Action  of  Chemical  Affimty. 

The  order  of  decomposition  is  not,  as  might  be  inferred  from 
the  law  of  elective  affinity,  invariable;  but,  in  certain  cases,  may 
even  be  reversed.  Thus,  though  A  may  attract  B  more  strongly 
than  either  A  or  B  is  attracted  by  C,  yet,  under  some  circum-- 
stances,  C  may  be  employed  to  decompose  partially  the  compound 
A  B.  Again,  if  we  mix  together  A,  B,  and  C,  using  the  two  first 
in  the  proportions  required  to  neutralize  each  other,  it  will  be 
found  in  some  cases  that  A  and  B  have  not  combined  to  the  ex- 
clusion of  C,  but  that  we  have  a  compound  of  B  with  A,  and  an- 
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other  of  B  with  C,  in  proportions  regulated  by  the  quantities  of 
A  and  C  which  hare  been  employed.  Facts  of  this  kind  have  been 
long  known  to  chemists.  It  had  been  ascertained,  for  example,  be^ 
fore  the  time  of  Bergman,  that  sulphate  of  potassa,  a  salt  com- 
posed of  sulphuric  acid  and  potassa,  is  partly  decomposed  by  ni- 
tric acid,  although  the  nitric  has  a  weaker  affinity  than  the  siriphu- 
ric  acid  for  that  alkalL  Elxamples  of  the  same  kind  have  since 
been  multiplied  by  BerthoUet,  who  has  asserted  that  in  the  follow- 
ing, as  well  as  in  other  cases,  the  body  first  mentioned,  in  each 
line,  decomposes  a  compound  of  the  second  and  third,  although 
its  attraction  for  the  second  is  inferior  to  that  of  the  third  for  the 
second. 

1.  Potassa  separates  sulphuric  acid  from  baryta. 

2.  Lime  separates  sulphuric  acid  from  potassa. 
3*  Potassa  separates  oxalic  acid  from  lime. 

4.  Xitric  acid  separates  lime  from  oxalic  acid. 

5.  Potassa  separates  phosphoric  acid  from  lime. 

6.  Potassa  separates  carbonic  acid  from  lime. 

7.  Soda  separates  sulphuric  acid  from  potassa. 

These  instances  of  reciprocal  decomposition^  and  a  variety  of  simi- 
lar ones,  are  explained,  according  to  the  views  of  Bertholiet,  on  the 
following  principles: 

1.  When  two  substances  are  opposed  to  each  other  with  respect 
to  a  third,  as  in  the  foregoing  examples,  they  may  be  considered  as 
antagonist  forces;  and  they  share  the  third  body  between  them  in 
proportion  to  the  intensity  of  their  action.  But  this  intensity,  ac- 
cording to  BerthoUet,  depends  not  only  on  the  energy  of  the  affinir 
liesy  but  on  the  quantities  of  the  two  bodies  opposed  to  each  other. 
Hence  a  larger  quantity  of  one  of  the  substances  may  compensate 
a  weaker  affinity,  and  the  reverse.  To  the  absolute  weight  of  a  body, 
multiplied  by  the  degree  of  its  affinity,  he  has  given  the  name  of 
fnottf,  a  terpi  in  some  degree  objectionable  from  the  different  mean- 
ing which  is  affixed  to  it  in  mechanical  philosophy.  As  an  illus- 
tration, let  us  suppose  (what  is  not  accurate  in  point  of  fact,)  that 
the  affinity  of  baryta  for  muriatic  acid  is  twice  as  strong  as  that  of 
potassa,  or  that  these  affinities  are  respectively  denoted  by  the  num- 
bers 4  and  2.  In  this  case  the  same  niass  will  i*esuU  from  4  parts 
of  baryta  as  from  8  of  potassa;  Ix^cause  the  same  product  (16)  is 
obtained  in  each  instance,  by  multiplymg  the  number  indicating  the 
affinity  into  that  denoting  the  quantity;  for  4  (the  affinity  of  baryta) 
multiplied  by  4  (the  quantity  assumed  in  this  example,  is  equal  to 
16;  and  St  (the  aiRinity  of  potassa)  multiplied  by  8  (its  quantity)  is 
also  eoual  to  16.  In  this  case,  therefore,  to  divide  equally  a  por- 
tion of  muriatic  acid  between  baryta  and  potassa,  these  bodies 
should  be  employed  in  the  proportion  of  £  of  the  former  to  4  of  the 
latter. 

The  influence  of  quantity  explains  also  the  difficulty  which,  in 
many  instances,  is  observed  in  effecting  the  total  decomposition  of 
a  compound  of  two  principles  by  means  of  a  third.  The  immediate 
effect  of  a  third  bod^  C,  when  added  to  a  compound  A  B,  is  to  ab- 
itract  from  B  a  portion  of  the  substance  A ;  ana  consequently  a  por- 
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tion  of  B  is  set  at  liberty,  the  attraction  of  which  for  A  is  oppoied 
to  that  of  the  uncombined  part  of  C.  The  farther  this  decompoii- 
tion  is  carried,  the  greater  will  be  the  proportion  of  B,  wluch  u 
brought  into  an  uncombined  state;  and  the  more  powerfuUf  willB 
oppose  any  farther  tendency  of  C  to  detach  the  substance  A.  At  t 
certain  point,  the  affinities  of  B  and  C  for  A  will  be  exactly  balanc- 
ed, and  the  decomposition  will  proceed  no  farther.  In  several  cascSi 
it  is  acknowledged  by  Berthollct,  a  third  body  separates  the  whole 
of  one  of  the  principles  of  a  compound;  but  this  he  supposes  to 
happen  in  consequence  of  the  agency  of  other  extraneous  forcesi 
the  nature  of  which  remains  to  be  pointed  out 

2dly.  Cohesion  is  a  force,  the  influence  of  which  over  the  che- 
mical union  of  bodies,  has  already  been  explained  in  a  former 
section;  and  other  illustrations  of  its  interference  will  be  gtveD» 
when  we  consider  the  subject  of  the  limitations  to  chemical  com- 
bination. 

3d]y.  Insolubility  is  another  force,  which  essentially  modifies  the 
exertion  of  affinity.  It  is  to  be  considered,  indeed,  merely  as  the 
result  of  cohesion,  with  respect  to  the  liquid  in  which  the  efiect 
takes  place. 

When  a  soluble  substance  and  an  insoluble  one  are  presented,  at 
the  same  time,  to  a  third,  for  which  they  have  nearly  an  eqaal  affi- 
nity, the  soluble  body  is  brought  into  the  sphere  of  action  with 
great  advantages  over  its  antagonist  Its  cohesion  at  the  outset  is 
but  little,  and  by  solution  is  reduced  almost  to  nothing;  while  that 
of  the  insoluble  body  remains  undiminished.  The  whole  of  the 
soluble  substance  also  exerts  its  afiinity  at  once;  while  a  part  only 
of  the  insoluble  one  can  oppose  its  force.  Hence  the  soluble  sub- 
stance may  prevail,  and  may  attach  to  itself  the  greatest  proportion 
of  the  third  body,  even  though  it  has  a  weaker  affinity  than  the  in- 
soluble one  to  the  subject  of  combination. 

Insolubility,  however,  under  certain  circumstances,  .is  a  force 
which  turns  the  balance  in  favour  of  the  affinity  of  one  body  when 
opposed  to  the  affinity  of  another.  For  example,  if  to  the  soluble 
compound,  sulphate  of  soda,  we  add  baryta,  the  new  compound,  sal- 
phatc  of  baryta,  is  precipitated  the  instant  it  is  formed;  and,  being 
removed  from  the  sphere  of  action,  the  soda  can  exert  no  effect 
upon  it  by  its  greater  quantity  or  mass.  For  the  same  reason,  when 
soda  is  added  to  sulphate  of  baryta,  the  sulphate  is  protected  from 
decomposition  both  by  its  insolubility  and  by  its  cohesion. 

These  facts  convinced  Berthollct  that  the  order  of  precipitation, 
which  was  formerly  assumed  as  the  basis  of  tables  of  elective  affi- 
nity, can  no  longer  be  considered  as  an  accurate  measure  of  that 
force;  and  that  the  body,  which  is  precipitated,  may,  in  some 
cases,  be  superior  in  affinity  to  the  one  which  has  caused  precipi- 
tation. In  these  cases,  a  trill  in  jj  superiority  in  affinity  may  be  more 
than  counterbalanced  by  the  cohesive  force,  which  causes  insolu- 
bility. 

4thly.  Gr€€U  specific  gravity  is  a  force  which  must  concur  with 
insolubility  or  cohesion  in  originally  impeding  combination;  and. 
when  chemical  union  ha^  taken  place,  it  mui^t  come  in  aid  of  affi 
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nity,  by  removing  the  new  compound  from  the  sphere  of  action.  It 
is  scarcely  necessary  to  enlarge  on  the  operation  of  a  force,  the 
nature  of  which  must  be  so  obvious. 

5thly.  Elasticity,  Cohesion,  it  has  already  been  stated,  may  prove 
an  impediment  to  combination;  and,  on  the  other  hand,  it  is  pos- 
sible that  the  particles  of  bodies  may  be  separated  so  widely,  as  to 
be  removed  out  of  the  sphere  of  their  mutual  attraction.  Such  ap- 
pears to  be  the  fact  with  regard  to  a  class  of  bodies  called  airs  or 
gases.  The  bases  of  several  of  these  have  powerful  attractions  for 
the  bases  of  others,  and  for  various  liquids,  and  yet  they  do  not 
combine  on  simple  admixture,  but  strong  mechanical  pressure 
brings  their  particles  sufiiciently  near  to  be  within  the  influence  of 
their  mutual  attraction,  and  combination  then  ensues. 

Again,  if  two  bodies,  one  of  which  has  an  elastic  and  the  other 
a  liquid  form,  be  presented  at  the  same  time  to  a  solid,  for  which 
they  have  both  an  afHnity,  the  solid  will  unite  with  the  liquid  in  pre- 
ference to  the  gas.  Or,  if  wc  add  to  the  compound  of  an  elastic 
substance  with  an  inelastic  one,  a  third  body  also  inelastic,  the  two 
which  are  inelastic  combine,  to  the  exclusion  of  the  elastic  body. 
For  example,  if  to  the  compound  of  potassa  and  carbonic  acid  we 
add  sulphuric  acid,  the  latter  acid,  acting  both  by  its  aflinity  and 
its  quantity,  disengages  a  portion  of  carbonic  acid.  This,  by  its 
elasticity,  is  removed  from  the  sphere  of  action,  and  presents  no 
obstacle  to  the  farther  operation  of  the  sulphuric  acid.  Hence 
elastic  bodies  act  only  by  their  aflinity;  whereas  liquids  act  both  by 
their  affinity  and  quantity  conjoined.  And  though  the  affinity  of 
the  liquid,  abstractedly  considered,  may  be  inferior  to  the  afflnity 
of  the  elastic  body,  yet,  aided  by  quantity,  it  prevails.  In  the  above 
instances,  the  whole  of  the  clastic  acid  may  be  expelled  by  the  fixed 
aicid ;  whereas,  as  it  has  already  been  observed,  decomposition  is 
frequently  incomplete,  if  the  substance  which  is  liberated  remain 
within  the  sphere  of  action. 

6thly.  Efflorescence  is  a  circumstance  which  occasionally  influ- 
ences the  exertion  of  affinity;  but  this  is  only  of  very  rare  occur- 
rence. The  simplest  example  of  it  is  that  of  lime,  and  muriate  of 
soda.  When  a  paste  composed  of  these  two  substances,  with  a 
great  excess  of  lime,  is  exj)osed,  in  a  moist  state,  to  the  air,  the 
lime,  acting  by  its  quantity,  disengages  soda  from  the  common  salt, 
which  appears  in  a  dry  form,  on  the  outer  surface  of  the  paste, 
united  with  car!)onic  acid  absorbed  from  the  atmosphere.  In  this 
case  the  soda,  which  is  separated,  being  removed  from  contiguity 
with  the  interior  part  of  the  mass,  presents  no  obstacle  to  the  far- 
ther action  of  the  lime,  and  the  decomposition  is  carried  farther 
than  it  would  have  been,  had  no  such  removal  happened. 

7ihly.  The  influence  of  temperature  over  chemical  affinity  is  ex- 
tremely extensive  and  important;  but,  at  present,  a  very  general 
statement  only  of  its  effects  is  rr(piircd.  In  some  cases  an  increas- 
ed temperature  arts  in  promotinj;,  and  at  others  in  impeding,  che- 
mical combination;  and  it  materially  aff*ects  also  the  order  of  de- 
compositions. 

An  increased  temperature  promotes  chemical  union  by  diminish- 
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ing  or  overcoming  cohesion.  Thus  metals  unite  by  fusion,  and 
veral  salts  are  more  soluble  in  hot  than  in  cold  water.  Whenever 
heat  is  an  obstacle  to  combination,  it  produces  its  eifect  by  increas- 
ing elasticity.  Hence  water  absorbs  a  less  proportion  of  ammonia 
at  a  high  than  at  a  low  temperature.  A  reduction  of  the  tempera* 
ture  of  elastic  bodies,  by  lessening  their  elasticity,  facilitates  their 
union  with  other  substances.  In  certain  cases,  an  increased  tem- 
perature has  the  effect  both  of  diminishing  cohesion  and  increas- 
ing elasticity.  When  sulphur  is  exposed  to  oxygen  gas,  no  com- 
bination ensues  until  the  sulphur  is  heated;  and,  though  the  elas- 
ticity of  the  gas  is  thus  increased,  yet  the  diminution  of  cohesion 
of  the  solid  is  more  than  proportionate,  and  chemical  union  ensues 
between  the  two  bodies. 

8thly.  The  electrical  state  of  bodies  has  a  most  important  influ- 
ence over  the  chemical  union.  This,  however,  is  a  subject  which 
will  be  treated  at  length  in  a  subsequent  chapter  on  Ehdnxht' 
mistry. 

9thly.  Meclumical pressure  is  another  force  which  has  considera- 
ble influence  over  chemical  affinity.  With  respect  to  solid  bodies, 
its  agency  is  not  frequent;  but  we  have  unequivocal  examples  of  its 
operation  in  cases  where  detonation  is  produced  by  concussion. 
The  effects  of  pressure  are  chiefly  manifested  in  producing  the 
combination  of  aeriform  bodies  either  with  solids,,  with  liquids,  or 
with  each  other ;  and,  in  preserving  combinations,  which  have  been 
already  formed,  under  circumstances  tending  to  disunite  them. 
Chalk,  for  example,  is  a  compound  of  lime  and  carbonic  acid;  and 
these  bodies,  by  the  simple  application  of  an  intense  heat,  are  se- 
parable from  each  other;  but,  under  strong  pressure*  a  heat  may 
be  applied  sufficient  to  melt  the  chalk,  without  expelling  the  car- 
bonic acid.  It  is  this  principle  (the  influence  of  pressure  in  oppos- 
ing chemical  decomposition)  that  is  the  foundation  of  Dr.  Hut- 
ton's  ingenious  Theory  of  the  Karth. 

Such  are  the  most  important  circumstances  that  modify  the  ex- 
ertion of  chemical  afTmity.  Of  their  influence,  sufllicient  illustra- 
tions have  been  given  to  prove,  that  in  every  case  of  combination 
and  decomposition,  we  are  not  to  consider  the  force  of  affmity  ab- 
stractedly, but  are  to  take  into  account  the  agency  of  other  powers, 
as  cohesion,  quantity,  insolubility,  elasticity,  efllorescence,  and  tem- 
perature. But  we  cannot  concede  to  Berthollct,  that  these  accessa- 
ry forces  are,  of  themselves,  sufficient  to  explain  all  the  phenome- 
na to  which  he  has  applied  thrm  ;  for  no  one  can  doubt  that  che- 
mical decompositions  and  combinations  are,  in  a  great  majority  of 
cases,  produced  independently  of  those  accessary  forces,  and  arc 
due  to  the  difTei-ent  degrees  of  affinity  inherent  in  the  heterogene- 
ous particles  of  bodies.  Still  less  can  the  extension  of  the  princi- 
ples of  Herlholletbe  admitted,  to  account  for  the  uniformity  of  pro- 
portions in  which  bodies  combine;  for,  besides  that  the  cause  as- 
signed is  inadequate  to  the  eflett,  we  find  in  the  atomic  theory  the 
only  satisfactory  explanation  of  the  union  of  bodies  in  definite  and 
in  multiple  proportions.    That  the  theory  of  Berthollet  is  of  much 
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more  limited  application  than  he  supposed^  will  appear  also  from 
the  following  considerations. 

1st.  It  has  been  shown  by  Professor  Pfaff,  of  Kicll,  (77  Ann.  de 
Chim.  p.  259,)  that,  in  various  cases,  where  two  acids  are  brought 
into  contact  with  one  base,  the  base  unites  with  one  acid,  to  the 
complete  exclusion  of  the  other.  Whf  n,  for  example,  to  a  given 
weight  of  lime,  quantities  of  sulphuric  and  tartaric  acids  are  put, 
either  of  which  would  exactly  neutralize  the  lime,  the  sulphuric 
acid  unites  with  the  lime,  to  the  entire  exclusion  of  the  tartaric. 
Similar  evidence  of  a  superior  affinity  of  the  sulphuric  acid,  over 
that  of  the  oxalic,  is  obtained  by  placing  those  acids  in  contact 
with  as  much  oxide  of  lead  as  would  exactly  saturate  cither  of 
them.  Now,  in  these  instances,  and  in  a  multiplicity  of  others  of 
the  same  kind,  we  cannot  explain  the  effect  by  the  extraneous  force 
of  cohesion,  which,  judging  from  the  degree  of  insolubility,  is 
greater  in  the  original  than  in  the  new  compound,  and  can  there- 
fore have  had  no  share  in  the  production  of  the  latter. 

2dly.  Some  of  the  cases,  which  have  been  before  quoted  from 
BerthoUet,  to  show  the  reciprocal  displacement  of  two  bodies  bv 
each  other  from  a  third,  are  most  probably  examples,  not  of  nngiB 
elective  affinity,  in  which  three  bodies  only  are  concerned;  but  of 
complex  affinity,  in  which  the  attractions  of  four  bodies  arebroueht 
into  action.  In  the  first  case,  for  example,  there  is  reason  to  oe- 
lieve  that  sulphuric  acid  is  displaced  from  baryta,  not  by  pure  po- 
tassa,  bat  by  potassa  which  has  absorbed  carbonic  acid  from  the 
atmosphere. 

Silly,  In  other  cases,  the  consideration  of  the  affinities  of  two 
bodies,  A  and  B,  for  a  third,  C,  is  complicated  with  this  circum- 
stance, that  the  neutral  compound  of  A  and  B  has  an  affinity  for  a 
farther  proportion  of  one  of  its  ingredients.  If,  then,  C  be  brought 
into  contact  with  the  compound  A  B,  we  may  have,  acting  at  the 
same  moment,  the  affinity  of  C  for  A,  which  partly  decomposes 
the  compound  A  B ;  and  the  affinity  of  the  undccomposcd  part  of 
A  B  for  an  additional  portion  of  B.  For  instance,  when  nitric 
acid  acts  on  sulphate  of  potassa,  some  nitrate  of  potassa  is  form- 
ed; and  the  sulphuric  acid,  which  is  set  at  liberty,  uniting  with 
the  undecomposed  sulphate  of  potassa,  composes  a  new  salt,  con- 
sisting of  sulphate  of  potassa  with  an  additional  proportion  of  sul- 
phuric acid. 

^thly.  It  is  a  strong  objection  to  the  theory  of  Bcrthollet  that, 
in  some  cases,  decompositions  happen,  which,  according  to  his 
views,  ought  not  to  take  place;  and  that,  in  others,  decomposi- 
tions do  not  ensue,  which  the  theory  would  have  led  us  to  have 
anticipated. 

5thly.  The  theory  is  objectionable,  inasmuch  as,  in  several  in- 
stances, forces  are  supposed  to  operate,  before  the  bodies  exist  to 
which  those  forces  are  attributed.  It  is  inconceivable,  for  instance, 
that  the  cohesion,  or  insolubility,  of  sulphate  of  baryta,  can  have 
any  share  in  producing  the  decomposition  of  sulphate  of  potassa 
by  that  earth ;  for  the  insolubility  of  sulphate  of  baryta  can  have 
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no  agency  till  that  compound  is  formed,  which  is  the  very  effect  to 
be  explained. 

Notwithstanding  these  objections  to  the  theory  of  BerthoUet, 
when  carried  so  far  as  has  been  done  by  its  author,  in  the  expla- 
nation of  chemical  phenomena,  it  must  still  be  admitted  that  the 
extraneous  forces,  pointed  out  by  that  acute  philosopher,  haTe 
some  influence  in  modifying  the  effects  of  chemical  affinity.  But 
these  forces  are  entitled  only  to  be  considered  as  secondary  causes, 
and  not  as  determining  combinations  or  decompositions,  nor  as  re- 
gulating the  proportions  in  which  bodies  unite,  independently  of 
the  superior  u)rce  of  chemical  affinity. 


SECTION  VI. 

Of  the  Estimation  of  the  Forces  of  ^ffimty. 

The  affinities  of  one  body  for  a  number  of  others  are  not  all  of 
the  same  degree  of  force.  This  is  all  that  the  present  state  of  our 
knowledge  authorizes  us  to  affirm ;  for  we  are  ignorant  how  much 
the  affinity  of  one  body  for  another  is  superior  to  that  of  a  third. 
The  determination  of  the  precise  forces  of  affinity  would  be  an  im- 
portant step  in  chemical  philosophy:  for  its  phenomena  might 
then  be  reduced  to  calculation;  and  we  should  be  enabled  to  anti- 
cipate the  results  of  experiment.  That  the  force  of  chemical  af- 
finity must  be  prodigiously  great,  is  evident  from  its  effect  in  pre- 
serving the  combination  of  water  with  some  bodies  (the  alkalies  for 
instance)  when  exposed  to  a  violent  heal,  notwithstanding  its  great 
expansive  force,  and  though  water  is  not  essential  to  the  constitu- 
tion of  those  bodies. 

The  observed  order  of  decomposition,  it  has  already  been  stated, 
does  not  enable  us  to  assign  the  order  of  the  forces  of  affinity;  be- 
cause, in  many  decompositions,  extraneous  forces  are  concerned. 
Other  methods  of  determining  the  problem  have  therefore  been  at- 
tempted. 

When  the  surface  of  one  body  is  ])rought  into  contact  with  an- 
other surface  of  the  same  kind,  as  when  the  smooth  surfaces  of  a 
divided  leaden  bullet  are  pressed  together,  they  adhere  by  the 
force  of  cohesion,  their  particles  being  all  of  the  same  kind.  But 
when  the  surfaces  of  diflerent  bodies  are  thus  brought  into  appa- 
rent contact,  it  seemed  to  Guyton  reasonable  to  suppose  that  their 
adhesion  arises  from  chemical  affinity,  because  their  particles  are 
of  different  kinds.  He  proposed,  therefore,  the  comparative  force, 
with  which  difTcrent  surfaces  adhere,  as  a  measure  of  chemical  af- 
finity. His  experiments  were  made  on  plates  of  diffi:rent  metals, 
of  precisely  the  same  size  and  form,  suspended  by  their  centres 
from  the  arm  of  a  sensible  balance.  The  lower  surfaces  of  these 
plates  were  successively  brought  into  contact  with  mercury,  which 
was  changed  for  each  experiment,  and  the  weight  was  observed, 
which  it  was  necessary  to  add  to  the  opposite  scale,  in  order  to 
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detach  the  ie?eral  metals.  Those  which  required  the  largest  weight 
were  inferred  to  have  the  greatest  affinity;  and  it  is  remarkable* 
that  the  order  of  affinities,  as  determined  in  this  way,  correspond 
with  the  affinities  as  ascertained  by  other  methods.  The  following 
were  the  results : 

Gold  adhered  to  mercury  with  a  force  of         -        446  grains. 

SiJTer, 429 

Tin, 418 

Lead, 397 

Bismuth, 372 

Zinc, -        204 

Copper,  -- -        142 

Antimony,       ...----        126 
Iron,       --------        115 

Cobalt  8 

Thit  mediod,  it  must  be  obvious,  is  of  too  limited  application 
to  be  of  mttch  utility;  for  few  bodies  have  the  mechanical  con- 
ditions, which  enable  us  to  subject  them  to  such  a  test.  How,  for 
example,  could  the  affinities  of  acids  for  alkalies  be  examined  on 
this  principle  ?  It  may  be  doubted,  also,  whether,  in  the  cases  to 
which  it  may  be  applied,  it  does  not  measure  facility  of  combina- 
don,  rather  than  the  actual  strength  of  affinity. 

To  determine  accurately  the  relative  forces  of  affimty  which  a 
body  (A)  of  one  class  exerts  towards  a  number  of  others  (X,  Y,  Z) 
of  a  different  class,  and  to  express  them  by  numbers,  Mr.  Kirwan 
proposed  the  quantities  of  the  latter  which  are  required  to  produce 
neutralization.     With  this  view,  he  made  numerous  experiments; 
but  as  their  results  have  been  shown  to  be  inaccurate,  I  shall  em- 
ploy, in  explaining  the  principle  of  his  method,   the  more  cor- 
rect numbers,  which  have  been  since  ascertained  by  other  che- 
mists. 

40  Parts  of 
SULPHURIC  ACID  48  Parts  of 

require  for  Neutralization  potassa  require 

t \ ^  / T^. ^ 

78  parts  of  baryta.  54   of  nitric  acid. 

52  of  strontia.  44   of  carbonic  acid. 

48  of  potassa.  40  of  sulphuric  acid. 

32  of  soda.  37  of  muriatic  acid. 

28  of  lime. 

20  of  magnesia. 

17  of  ammonia. 

In  Judging  of  the  affinities  of  the  same  acid  for  different  baseSy 
Mr.  iirwan  assumed  that  they  are  represented  by  the  numbers  in- 
dicating the  quantities  of  each  base  required  for  neutralizatfon. 
Thus,  because  40  parts  of  sulphuric  acid  neutralize  78  of  baryta, 
and  48  of  potassa,  he  concluded  the  affinity  of  the  former  to  that 
of  the  latter  to  be  in  the  proportion  of  78  to  48.  So  far  the  infer- 
ence corresponds  with  the  order  of  decomposition;  baryta,  for  ex- 
ample, takes  sulphuric  acid  fh)m  potassa.     But  even  in  this  case, 
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we  are  not  entitled  to  conclude  that  these  numbers  express  accu- 
rately the  relative  afRnities  of  different  bases  for  the  same  acid. 
And  if  we  apply  the  rule  to  the  numbers  in  the  second  column,  we 
shall  find  it  to  fail  entirely;  for  both  nitric  and  carbonic  acids  are 
separated  from  potassa  by  sulphuric  acid,  although  the  capacity  of 
saturation  in  the  latter  is  expressed  by  the  lowest  number.  Mr. 
Kirwan  was,  therefore,  driven  to  the  necessity  of  establishing  a 
precisely  opposite  rule  in  determining  the  afRnities  of  different 
acids  for  the  same  base,  and  of  assuming  that  they  are  invertehf 
proportionate  to  the  quantities  of  the  saturating  acid.  Thus  the 
afHnity  of  nitric  acid  for  potassa  would  be  represented  by  40,  and 
that  of  sulphuric  acid  by  54.  This,  however,  involves  a  contra- 
diction ;  since  it  is  implied  that  in  one  set  of  cases  a  greater  quan- 
tity of  the  saturating  principle  indicates  a  stronger  affinity,  and 
that  in  the  other  a  less  quantity  implies  a  stronger  affinitf* 

Since  neutralization  is  an  effect  of  chemical  affinity,  which  must 
in  all  cases  bear  a  proportion  to  its  cause,  it  was  argved  by  Der- 
thollet,  that  the  substance  which,  in  the  smaUeat  quamh/f  neutral- 
izes another,  is  the  one  possessing  the  strongest  affinity.  Thus 
because  17  parts  of  ammonia  go  as  far  in  neutralizing  a  given 
weight  of  any  acid,  as  78  of  baryta,  he  concluded  that  the  relative 
affinities  of  ammonia  and  baryta  for  acids  are  inversely  as  those 
numbers.  That  ammonia  is  expelled  from  all  acids  by  baryta,  he 
explains  by  the  action  of  an  extraneous  force  (elasticity)  which  ex- 
ists in  ammonia,  and  turns  the  balance  in  favour  of  the  fixed  bases. 
But  this  explanation  is  liable  to  an  obvious  objection;  for,  as  the 
elasticity  of^  ammonia  is  suppressed  by  combination  with  sulphu- 
ric acid,  what  (it  may  be  asked)  but  a  stronger  affinity  for  that 
acid,  existing  in  all  the  substances  standing  above  ammonia  in  the 
Table,  can  determine  the  first  commencement  of  decomposition. 

It  is  sufficient  to  have  given  this  brief  view  of  the  methods  em- 
ployed to  express  numerically  the  forces  of  affmities,  to  show  that 
the  problem  has  not  yet  been  solved ; — that  they  cannot  be  appre- 
ciated by  the  adhesion  of  surfaces;— and  that  they  arc  not  denoted 
by  those  equivalent  numbers,  or  atomic  weights,  that  have  been 
deduced  from  the  proportions  in  which  bodies  combine. 


SECTION  VII. 


Of  Complex  JIffinity. 


Under  the  more  general  name  of  complex  affinity^  Berthollet  in- 
cludes all  those  cases  of  decomposition  which  have  hitherto  been 
considered  as  produced  by  the  action  of  four  affinities,  commonly 
denominated  aouhle  elective  affinity.  It  frequently  happens  that  the 
compound  of  two  bodies  cannot  be  destroyed  either  by  a  third  or 
a  fourth  separately  applied ;  but  if  the  third  and  fourth  be  combin- 
ed, and  placed  in  contact  with  the  former  compound,  a  decompo- 
sition or  exchange  of  principles  will  ensue.     Thus  when  lime  wa- 
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ter  is  added  to  a  solution  of  the  sulphate  of  soda,  no  decomposi- 
tion happens,  because  the  sulphuric  acid  attracts  soda  more 
strongly  than  it  attracts  lime.  If  nitric  acid  be  applied  to  the 
same  compound,  its  principles  remain  undisturbed,  because  the 
sulphuric  acid  attracts  soda  more  strongly  than  the  nitric  But  if 
the  lime  and  nitric  acid,  previously  combined,  be  mixed  with  the 
sulphate  of  soda,  a  double  decomposition  is  effected.  The  lime, 
quitting  the  nitric  acid,  unites  with  the  sulphuric ;  and  the  soda, 
being  separated  from  the  sulphuric  acid,  combines  with  the  nitric. 
These  decompositions  are  rendered  more  intelligible  by  the  follow- 
ing diagram,  contrived  by  Bergman,  the  form  of  which  may  be 
readily  modified,  so  as  to  adapt  it  to  more  complicated  cases. 

Nitrate  of  Soda  86 


Sulphate 

of 
Soda  72 


Soda  32  Nitric  Acid  54 


Water  at  60^ 


Nitrate 
S      of 
Lime   82 


Sulph^  Acid  40  Lime  28 


V — ; 

Sulphate  of  Lime  68 

On  the  outside  of  the  vertical  brackets  are  placed  the  original 
compounds;  and  above  and  below  the  diagram,  the  new  com- 
pounds. The  upper  line,  being  straight,  indicates  that  the  nitrate 
of  soda  remains  in  solution ;  and  the  middle  of  the  lower  line,  be- 
ing directed  downwards,  that  the  sulphate  of  lime  is  precipitated. 

The  figures,  which  form  part  of  the  diagram,  are  the  equivalent 
numbers  of  the  original  and  newly-formed  compounds,  as  well  as 
of  their  proximate  elements.  Thus,  by  mingling  72  parts  of  sul- 
phate of  soda,  consisting  of  32  soda  and  40  sulphuric  acid,  with  82 
of  nitrate  of  lime,  =  54  nitric  acid  and  28  lime,  the  products  are 
63  of  sulphate  of  lime  (28  base  +  40  acid),  and  86  nitrate  of  soda  (32 
base  +  54  acid).  When  the  original  compounds  are,  as  m  this  in- 
stance, perfectly  neutral,  the  new  products  will  be  found  equally 
80.  This  general  fact,  first  noticed  by  Wenzel,  is  a  consequence  of 
the  law  of  combination  in  definite  proportions ;  for,  under  all  cir- 
cumstances, equivalent  quantities  of  acids  and  bases,  whether  di- 
rectly united  or  mutually  transferred,  as  in  the  above  instance, 
must  exactly  neutralize  each  other. 

To  the  affinities  tending  to  produce  decomposition,  Mr.  Kirwan 
gave  the  name  of  divellcnt  affmiUea^  and  to  thosep reserving  the  ori- 
ginal compounds,  that  of  quiescent  affinities.  These  he  attempted 
to  express  by  numbers,  so  chosen  as  to  enable  him  to  anticipate 
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the  results  of  experiment.  It  is  sufficient  to  observe,  that,  for  rea- 
sons which  I  have  already  stated,  this  attempt  entirely  failed.  We 
may  still,  however,  retain  the  expressions  divelbnf  and  quiescent^  as 
a  convenient  mode  of  speaking  of  a  certsdn  class  of  chemical  de- 
compositions. Over  these  phenomena,  the  extraneous  causes, 
pointed  out  by  BcrthoUet,  appear  also  to  have  considerable  influ- 
ence. That  of  quantity  is  shown  by  the  fact,  that  if  two  salts  be 
mixed  together  m  certain  proportions,  decomposition  will  ensue, 
but  not  if  mixed  in  other  proportions.  Thus  from  the  mingled  so- 
lutions of  two  parts  of  muriate  of  lime  and  one  of  nitrate  of  po- 
tassa,  we  obtain  muriate  of  potassa;  but  not  from  equal  weights  of 
the  two  salts.  Insolubility,  or  precipitation,  has  also  a  considera- 
ble influence  on  the  result  When  this  occurs,  the  influence  of 
quantity  is  destroyed,  as  in  the  case  of  sulphate  of  potassa  and  mu- 
riate of  baryta.  Elasticity,  and  an  increased  temperature  (which 
operates  by  increasing  elasticity),  and  the  reverse  of  thia,  or  a 
greatly  diminislied  temperature,  have  also  a  powerful  influence  in 
promoting  the  action  of  complex  aflinities.  Thus  of  four  princi- 
ples, two  of  which  are  volatile  and  two  fixed,  the  two  which  are  vo- 
latile will  be  most  disposed  to  unite  together  at  a  high  temperature, 
even  though,  under  other  circumstances,  they  may  take  a  different 
order  of  arrangement.  Thus,  at  common  temperatures,  carbonate 
of  ammonia  decomposes  sulphate  of  lime ;  but  if  a  mixture  of  sul- 
phate of  ammonia  and  carbonate  of  lime  be  heated,  we  obtain  car- 
bonate of  ammonia  and  sulphate  of  lime.  The  nature  of  the  fluid, 
in  which  salts  are  dissolved,  has  also  an  important  influence  on 
their  tendency  to  mutual  decomposition.  (Ann.  de  Chim.  et  de 
Phys.,  iv.,  3GG.) 

Other  exceptions  to  the  laws  of  affinity,  affecting  double  as  well 
as  single  decompositions,  have  been  classed  together  under  the 
name  o^  reciproccu  affinity.  They  occur  chiefly  in  the  mutual  action 
of  soluble  carbonates  and  insoluble  salts  on  each  other,  and  are 
limited  to  those  cases  in  which  an  insoluble  compound  is  one  of  the 
products.  For  example,  carbonate  of  potassa  and  sulphate  of  bary- 
ta, in  quantities  denoted  by  their  atomic  numbers,  when  long  boil- 
ed together  with  water,  form  carbonate  of  baryta  and  sulphate  of 
potassa.    Thus, 


Sulphate  of  Potassa  (sol.) 


Carb.  of 
Potassa,< 
(soluble) 


Potassa  Sulph*".  Acid 


Carb^  Acid  Baryta 


Sulphate 
^of  Baryta 
(insol.) 


Carb.  of  Baryta  (insol.) 

But  if  we  reverse  the  experiment,  and  digest  together  equivalent 
quantities  of  sulphate  of  potassa  and  carbonate  of  baryta,  we  have 
still  a  mutual  exchange  of  acids  and  bases,  as  follows: 


SCOT.  VIU  OHEMIOAL  AFFINITT,  &C«  73 

Carbonate  of  Potassa  (sol.) 


Carb.  of 
Baryta^ 


*        ^^ 

Baryta  Sulph*.  Acid 


(insoL)  I  carb«.  Acid  Potassa 


Sulph.  of 
>  Potassa 
(sol.) 


Sulphate  of  Baryta  (insoL) 

Now  the  results  of  the  latter  experiment  would  appear^  on  first 
view,  quite  inconsistent  with  the  order  of  affinities  established  by 
the  former.  But  when  the  facts  are  closely  examined,  it  will  be 
found  that  in  neither  case  is  the  exchange  of  principles  complete ; 
for,  in  bodi^  the  aecomposition  ceases  as  soon  as  the  newly-formed 
compounds  have  acquired  a  certain  proportion  to  the  original  ones 
and  to  each  other.  In  the  case  exhibited  by  the  first  diagram,  the 
alkaline  energy  of  the  soluble  carbonate  gradually  becomes  less  as 
its  quantity  diminishes;  and  as  the  solution  approaches  nearer  and 
nearer  to  neutralization.  In  the  second  case,  the  decomposition 
cannot  be  carried  beyond  that  point  at  which  the  carbonate  of  bary-> 
ta  and  sulphate  of  potassa^  remaining  undccomposcd,  are  in  certain 
proportions  to  each  other.  These  facts  have  been  carefully  inves- 
tigated and  ingeniously  explained  by  Dulong,  at  greater  length  than 
would  be  consistent  with  the  objects  of  this  work.  I  refer,  there- 
fore, to  his  Memoir  in  the  82d  voL  of  the  Annalcs  de  Chimie,  which 
has  been  translated  into  the  S5th  and  36th  vol.  of  Nicholson's  8vo. 
Journal,  and  published  in  an  abridged  form  in  the  41st  voL  of  the 
Philosophical  Magazine. 


SECTION  VIII. 

Experimental  lUustrationa  of  Chemical  Affinity^  Solution,  fye* 

For  these  experiments,  a  few  wine-glasses,  or,  in  preference,  deep 
Ic-glasscs,  will  be  required;  and  a  Florence  flask  for  performing 
lie  solutions. 

I.  Some  bodies  appear  to  have  no  affmity  for  each  other. — Oil  and 
rater,  mercury  and  water,  or  powdered  chalk  and  water,  when 
baken  together  in  a  vial,  do  not  combine,  the  oil  or  water  always 
nsing  to  the  surface,  and  the  mercury  or  chalk  sinking  to  the  bot- 
.om. 

II.  Examples  of  chemical  affinity^  and  its  most  simple  effect ,  viz,, 
o/i//ton.— Sugar  or  common  salt  disappears  or  dissolves  in  water; 
halk  in  dilute  muriatic  acid.    Sugar  and  salt  are  therefore  said  to 

soluble  in  water,  and  chalk  in  muriatic  acid.  The  liquid,  in  which 
^^4ie  solid  disappears,  is  termed  a  solvent  or  menstruum.    Chalk  or 
^^and,  on  the  contrary,  when  mixed  with  water  by  agitation,  always 
Subsides  again.    Hence  they  are  said  to  be  insoluble. 

III.  Infbience  of  fj/uchanical  division  in  promoting  the  action  ofcht' 
Vol.  I.  K 
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fmedtffflnBjfi  or  mfanouring  toJKlioik— Lninpi  of  clud|k  or  auaUB 
dissolTe  much  more  dowly  in  dilute  mttriid£>4icidf  tluuB  equal 
weighu  ci  the  same  bodies  in  powder.  MuiIgM  of  Ume,  or  ^i^tnila 
of  ammoniay  cast,  after  liquefaction  by  heat.  Into  the  shape  of  a 
•olid  Bphere,is  very  slowly  dissolved;  but  with  great  rai '  " 
in  the  state  of  a  powder  or  of  crystals.  When  a  lump  ot 
shire  fluate  of  lime  b  immersed  in  concentrated  sulphuric 
scarcely  any  action  of  the  two  substances  on  each  other  takes  place; 
but  if  Uie  stone  be  finely  pulrerizedy  and  then  mingled  with  the 
acid,  a  violent  action  is  manifested,  by  the  copious  escape  of  va- 
pours of  fluoric  acid*  In  tibe  common  arts  of  ufe,  the  rasping  and 
grinding  of  wood  and  other  substances  are  familiar  eftnijpks. 

IV.  &t  lUruidtj  generalfy  tpeaking,  aremorepawcfidmfwtHUihm 
eoU  onet»— To  four  ouncenneasures  of  water,  at  the  teinppmtiire  of 
the  atmosphere,  add  three  ounces  of  sulphate  of  soda.  fi^Mwdp^ 
Otttjf part  of  the  salt  will  be  dissolved,  even  after  biiij^iaitateil 
some  time.  Apply  heat,  and  the  whole  of  the  salt  wlffVaqipear. 
When  the  Uquor  cools,  a  portion  of  salt  will  sepanUe  again  in  a 
regular  form,  or  in  crystals.  This  last  appearance  affiiras  an  in- 
stance of  crystaOizaHan. 

To  this  iaw,  however,  there  are  several  exceptions;  for  many 
salts,  among  which  is  chloride  of  sodium,  or  conmion  salt,  are 
equally,  or  almost  equally,  soluble  in  cold  as  in  hot  water.  HencCi 
a  hot  and  saturated  solution  of  chloride  of  sodium,  does  not,  like 
the  sulphate,  deposit  crystals  on  cooling.  To  obtain  crystals  of  the 
chloride,  and  otother  salts  which  observe  a  similar  law  as  to  solu- 
bility, it  is  necessary  to  evaporate  a  portion  of  the  water ;  and  the 
salt  will  then  be  deposited,  even  whik  the  liquor  remains  hot.  In 
general,  the  more  slow  the  cooling,  or  evaporationt  of  saline  solu- 
tions, the  larger  and  more  regular  are  the  crystals. , 

V.  ^  very  minuie  division  ofoodies  is  effected  by  soluiion.— Dissolve 
two  grains  of  sulphate  of  iron  in  a  quart  of  water,  and  add  a  few 
drops  of  this  solution  to  a  wine-glassful  of  water,  into  which  a  few 
drops  of  tincture  of  galls  have  been  stirred.  The  dilute  infusion  of 
galls  will  speedily  assume  a  purplish  hue.  This  shows  that  every 
drop  of  the  quart  of  water,  in  which  the  sulphate  of  iron  was  di^ 
solved,  contains  a  notable  portion  of  the  salt. 

VI.  Some  bodies  dissolve  much  more  readily  and  eopknuhi  ihan 
others.'^ThMSy  an  ounce  measure  of  distillea  water  will  dissolve 
half  its  weight  of  sulphate  of  ammonia,  one-third  its  weight  of  sul- 
phate of  soda,  one-sixteenth  of  sulphate  of  potassa,  and  only  one 
nve-hundredth  its  weight  of  sulphate  of  lime. 

VII.  Mechamcal  agitation  famitates  sohitiond — ^Into  a  wine-glass- 
ful of  water,  tinged  blue  with  the  infusion  of  litmus,  let  fall  a  smaU 
lump  of  solid  tartaric  acid.  The  acid,  if  left  at  rest,  even  daring 
some  hours,  will  only  change  to  red  that  portion  of  the  »»^ft|^tiMi 
which  is  in  immediate  contact  with  it  Stir  the  liquor,  and  the  whole 
will  immediately  become  red. 

VIIL  Bodies  do  not  act  on  each  other f  unless  either  one  or  both  be  in 
m  state  of  sohUionf  or  at  least  contain  toater^ — 1.  Mix  some  dry  tar- 
taric acid  with  dry  bi-carbonate  of  soda,  and  grind  them  together 
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in  a  Tnortan  No  combination  will  ensue  till  water  is  added;  whkh, 
acting  the  part  of  a  solvent,  promotes  the  union  of  the  acid  and 
alkali,  as  appears  from  a  violent  eifervescence.  It  has  been  shown 
by  Link,  that  the  water  of  crystallization,  existing  in  certain  salts, 
acts  as  free  water  in  occasioning  chemical  action.  For  example, 
acetate  of  lead  and  sulphate  of  copper,  both  in  crystals,  become 
green  when  triturated  together,  a  proof  of  the  mutual  decomposi- 
tion of  those  two  salts. 

SL  Spread  thinly,  on  a  piece  of  tinfoil,  three  or  four  inches 
square,  some  dry  nitrate  of  copper,*  and  wrap  it  up.  No  effect  will 
fcAlow.  Unfold  the  tinfoil,  and,  having  sprinkled  the  nitrate  of  cop- 
per with  the  smallest  possible  quantity  of  water,  wrap  the  tinfoil 
up  again  ais  quickly  as  possible,  pressing  down  the  edges  closely. 
Considerable  beat,  attended  with  fumes,  will  now  be  excited;  and, 
if  the  experiment  has  been  dexterously  managed,  even  light  will  be 
evolved.  This  shows  that  nitrate  of  copper  has  no  action  on  tin, 
unless  in  a  state  of  solution. 

IX.  BoditM^  even  when  in  a  $tate  of  sohUian^  do  not  ad  on  each 
other  ai  percqMU  dUtancee^  in  other  words,  contiguity  is  essential 
to  the  action  of  chemical  affinity.  Thus,  when  two  fluids  of  dif- 
ferent specific  gravities,  and  which  have  a  strong  affinity  for  each 
other,  are  separated  by  a  thin  stratum  of  a  third,  which  exerts  no 
remarkable  action  on  either,  no  combination  ensues  between  the 
uppermost  and  lowest  stratum.  Into  a  glass  jar,  or  deep  ale-glass, 
pour  two  ounce-measures  of  a  solution  of  subcarbonate  of  potassa, 
containing,  in  that  quantity,  two  drachms  of  common  salt  of  tar- 
tar. Under  this  introduce,  very  carefully,  half  an  ounce-measure 
of  water,  holding  in  solution  a  drachm  of  common  salt;  and  again, 
under  both  these,  two  ounce-measures  of  sulphuric  acid,  which  has 
been  diluted  with  an  equal  weight  of  water,  and  allowed  to  !>ccome 
cooL  The  introduction  of  a  second  and  third  liquid,  beneath  the 
first,  is  best  effected  by  filling,  with  the  liquid  to  be  introduced,  the 
dropping  tube,  fig.  15,  plate  i. ;  which  may  be  done  by  the  action 
of  the  mouth.  The  finger  is  then  pressed  on  the  upper  orifice  of 
the  tube;  and  the  lower  orifice,  being  brought  to  the  bottom  of  the 
vessel  containing  the  liquid,  the  finger  is  withdrawn,  and  the  liquid 
descends  from  the  tube,  without  mingling  with  the  upper  stratum. 
When  a  solution  of  carbonate  of  potassa  is  thus  separated  from  di- 
luted sulphuric  acid,  for  which  it  has  a  powerful  affinity,  by  the 
intervention  of  a  thin  stratum  of  brine,  the  two  fluids  will  remain 
distinct  and  inefficient  on  each  other;  but,  on  stirring  the  mixture, 
a  violent  effervescence  ensues,  in  consequence  of  the  action  of  the 
sulphuric  acid  on  the  potassa. 

X.  7\po  bodies^  liaving  no  affinity  for  each  otltetj  xtnite  by  the  in^ 
terve$Uwn  of  a  third. — Thus,  the  oil  and  water  which,  in  Experi- 
ment I^  could  not,  by  agitation,  be  brought  into  union,  unite  imme- 
diately on  adding  a  solution  of  caustic  potassa.  The  alkali,  in  tliis 

*  To  prepare  nitrste  of  copper,  diaolve  the  filings  or  turnings  of  that  metal 
IB  a  mazture  of  one  part  nitrous  acid  and  three  parta  water ;  decant  the  liquor 
when  it  has  ccaicd  to  emit  fumes ;  and  evaporate  it  to  dryness^  in  a  copper  or 
ctftben  diih.    The  dry  miis  must  be  kept  m  a  bottle. 
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ca8e»  acts  as  an  intermedium.  The  fact,  hoveTer,  admits  of  being 
explained  by  the  supposition,  that  the  oil*  and  alkali  form,  in  the 
first  instance,  a  compound  which  is  soluble  in  water. 

XL  SaturatUm  and  neutralization  illustrated — Water,  after  ha?* 
ing  taken  up  as  much  common  salt  as  it  can  dissolve,  is  said  to  be 
saturated  with  salt*  Muriatic  acid,  when  it  has  ceased  to  act  any 
longer  on  lime,  is  said  to  be  neutralized^  as  is  also  the  lime. 

XII.  The  properties  characterizing  bodies^  when  separate,  art  de* 
stroyed  by  chemical  combination^  and  new  properties  appear  in  the  eomr 
/Nmnd-— Thus  muriatic  acid  and  lime,  which  in  a  separate  state 
have  each  a  most  corrosive  taste,  lose  this  entirely  when  mutually 
saturated;  the  compound  is  extremely  soluble,  though  lime  itself 
is  very  difficult  of  solution;  the  acid  no  longer  reddens  syrup  of 
violets,  nor  does  the  lime  change  it,  as  before,  to  green.  The  re- 
sulting compound,  also,  muriate  of  lime,  exhibits  new  properties. 
It  has  an  intensely  bitter  taste;  is  susceptible  of  a  crystallized  form; 
and  the  crystals,  when  mixed  with  snow  or  ice,  generate  a  degree 
of  cold  sufficient  to  freeze  quicksilver. 

XIII.  Single  elective  affinity  illustrated,^'!.  Add  to  the  combina* 
tion  of  oil  with  alkali,  iormcd  in  Experiment  X.,  a  little  diluted 
sulphuric  acid.  The  acid  will  seize  the  alkali,  and  set  the  oil  at 
liberty,  which  will  rise  to  the  top.  In  this  instance,  the  affinity  of 
alkali  for  acid  is  greater  than  that  of  alkali  for  oiL  2.  To  a  dilute 
solution  of  muriate  of  lime  (prepared  in  Experiment  II.),  add  a 
little  of  the  solution  of  pure  potassa.  The  potassa  will  seize  the 
muriatic  acid,  and  the  lime  will  fall  down,  or  h^ precipitated. 

XIV.  In  some  instances^  in  coinpaiing  the  affinities  of  two  bodies 
for  a  thirds  a  weaker  affinity^  in  one  of  the  two  compared^  tvill  be  found 
to  be  compensated  by  increasing  its  quantity. ^^Ix.  is  not  easy  to  ofiVr 
clear  and  unequivocal  examples  of  this  law,  and  such  as  the  stu- 
dent may  submit  to  the  test  of  experiment  The  following,  how- 
ever, may  illustrate  the  proposition  sufficiently:  Mingle  together, 
in  a  mortar,  one  part  of  muriate  of  soda  (common  salt)  with  half  a 
part  of  red  oxide  of  lead  (litharge,  or  red  lead),  and  add  sufficient 
water  to  form  a  thin  paste.  The  oxide  of  lead,  on  examining  the 
mixture  after  twenty-four  hours,  will  be  found  not  to  have  detach- 
ed the  muriatic  acid  from  the  soda;  for  the  strong  taste  of  that  al- 
kali will  not  be  apparent  Increase  the  weight  of  the  oxide  of  lead 
to  three  or  four  times  that  of  the  salt;  and,  after  the  same  interval, 
the  mixture  will  exhibit,  by  its  taste,  marks  of  uncombined  soda. 
This  proves,  that  the  larger  quantity  of  the  oxide  of  lead  must 
have  detached  a  considerable  portion  of  muriatic  acid  from  the 
soda,  though  the  oxide  has  a  weaker  affinity  for  that  acid  than  the 
ioda  possesses. 

Another  illustration  of  the  same  general  principle  has  been  sug- 
gested by  Berzclius.  It  is  necessary  to  premise,  that  the  colour 
of  the  compound  of  sulphuric  acid  with  oxide  of  copper  is  bluei 
and  that  of  muriatic  acid  with  the  same  oxide,  green.  To  a  satu- 
rated solution  of  sulphate  of  copper  in  water,  add  by  degrees  con- 
centrated muriatic  acid.  Every  addition  will  render  the  colour  of 
the  liquid  more  distinctly  green,  showing  an  increased  production 
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of  muriate  of  copper ;  the  oxide  of  copper  being  divided  between 
the  sulphuric  and  muriatic  acids,  in  proportion  to  the  quantity  of 
each  acid  that  is  present.  In  a  still  greater  number  of  cases,  how- 
ever, a  weaker  affinity,  in  one  of  two  bodies  compared,  cannot  be 
compensated  by  increasing  its  quantity.  No  quantity  of  tartaric 
acid,  for  example,  that  can  be  employed,  will  be  found  to  dislodge 
sulphuric  acid  from  sulphate  of  lime. 

XV,  Double  elective  affinity  exefnpti/ied.-^ln  a  watery  solution  of 
sulphate  of  zinc,  immerse  a  thin  sheet  of  lead:  the  lead  will  remain 
unaltered,  as  also  will  the  sulphate  of  zinc,  because  zinc  attracts 
sulphuric  acid  more  strongly  than  lead.  But  let  a  solution  of  ace- 
tate of  lead  be  mixed  with  one  of  sulphate  of  zinc;  the  lead  will 
then  go  over  to  the  sulphuric  acid,  while  the  zinc  passes  to  the 
acetic.  The  sulphate  of  lead,  being  insoluble,  will  fall  down  in  the 
state  of  a  white  powder;  but  the  acetate  of  zinc  will  remain  in  so- 
lution. The  changes  that  occur  in  this  experiment  will  be  better 
understood  from  the  following  scheme : 

Acetate  of  Zinc 


Sulphate 
of 
Zinc 


Ox*  of  Zinc 


Acetic  Acid 


Water  at  60^ 


Acetate 
>  of 

Lead 


Sulpha  Acid 


Ox.  of  Lead 


Sulphate  of  Lead  z- 

The  vertical  brackets  include  the  original  compounds,  viz.y  sul- 
phate of  zinc,  and  acetate  of  lead;  and  the  horizontal  line  and 
bracket  point  out  the  new  ones,  viz.^  acetate  of  zinc  and  sulphate 
of  lead.  By  the  upper  horizontalline,  it  is  denoted,  that  the  ace- 
tate of  zinc  remains  in  solution ;  and,  by  the  point  of  the  lower 
bracket  being  directed  downwards,  it  is  meant  to  express,  that  the 
sulphate  of  lead  falls  down,  or  is  precipitated. 
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CHAPTER  III. 

OF   HEAT  OR    CALORIC. 


SECTION  I. 

Oeneral  Observations  on  Heat, 

Whrn  we  apply  the  hand  to  a  body  which  is  hotter  than  itself, 
we  are  sensible  of  a  peculiar  feeling,  which  we  agree  to  call  the 
tmsation  of  heat.  At  the  same  time  we  observe,  in  almost  all 
bodies  that  are  placed  in  the  same  situation  with  the  hand,  certain 
eflfects,  the  most  remarkable  of  which  is  an  enlargement  of  their 
dimensions.  These  circumstances,  with  very  few  exceptions,  so 
constantly  accompany  each  other,  that  we  can  have  no  hesitation 
in  referring  them  to  one  and  the  same  cause.  Of  the  nature  of  this 
cause  we  have  no  satisfactory  evidence ;  and  we  are  unable  to  de- 
monstrate either  that  it  consists  in  any  general  quality  of  bodies, 
or  that  it  resides  in  a  distinct  and  peculiar  kind  of  matter.  The 
opinion,  however,  which  best  explains  the  phenomena,  is  that 
which  ascribes  them  to  an  extremely  subtile  fluid,  of  so  refined  a 
nature,  as  to  possess  no  sensible  weight,  and  to  be  capable  of  in- 
sinuating itself  between  the  particles  of  the  most  dense  and  solid 
bodies.  To  this  iluid,  as  well  as  to  the  sensation  which  it  excites, 
the  term  heat  was  formerly  applied.  But  there  was  thought  to  be 
an  obvious  impropriety  in  confounding,  under  one  appellation,  two 
things  so  distinct  as  a  sensation  and  its  cause ;  and  the  term  caloric^ 
first  proposed  by  Lavoisier,  is  now  frequently  adopted  to  denote 
the  cause  of  Jieat.  Occasionally,  however,  in  order  to  avoid  too 
frequent  a  repetition  of  the  same  word,  the  term  heat  is  still  em- 
ployed in  a  more  extensive  sense,  to  express  not  only  the  sensation 
which  it  usually  denotes,  but  also  some  of  the  modifications  of  ca- 
loric And  as  the  context  generally  shows  in  which  sense  the  term 
is  to  be  understood,  I  shall  not  scruple  to  use  it  in  both. 

Caloric,  so  far  as  its  chemical  agencies  are  concerned,  may  be 
chiefly  considered  under  two  views — as  an  antagonist  to  the  cohe- 
sive attraction  of  bodies — and  as  concurring  with,  and  increasing 
elasticity.  By  removing  the  particles  of  any  solid  to  a  greater  dis- 
tance from  each  other,  their  cohesive  attraction  is  diminished;  and 
one  of  the  principal  impediments  to  their  union  with  other  bodies 
is  overcome.  On  the  other  hand,  caloric  may  be  infused  into 
bo<lies  in  such  quantity,  as  not  only  to  overcome  cohesion,  but  to 
place  their  particles  beyond  the  sphere  of  mutual  attraction.  ThaS| 
m  the  class  of  substances  called  gases,  the  base  or  ponderable  in- 
gredient, whether  solid  or  liquid,  is  dissolved  in  so  much  caloric, 
that,  with  few  exceptions,  the  bases  of  diflerent  gaseous  bodies  do 
not  unite  by  simple  inixture  of  the  gases  themselves.  But  if  of  two 
gates,  we  employ  either  one  or  both  in  a  state  of  great  condcnsa* 
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lion,  the  gravitating  matter  of  both  unites,  and  forms  a  new  com- 
pound. Hydrogen  and  nitrogen  gases,  for  example,  may  be  min- 
gled together,  in  the  proportions  adapted  to  form  ammonia,  with- 
out any  production  of  that  compound.  But  if  hydrogen,  in  what 
has  been  called  its  nascent  state  (that  is,  before  it  has  acquired  an 
atmosphere  of  heat,  and  become  gaseous),  be  brought  into  contact 
with  nitrogen  gas,  ammonia  is  then  generated*  (See  chapter  viii. 
sect.  L)  In  many  cases,  also,  when  two  bodies  are  combined  toge- 
ther, one  of  which  is  fixed,  and  the  other  becomes  elastic  by  union 
with  caloric,  we  are  able,  by  its  interposition  alone,  to  effect  their 
disunion.  Thus  carbonate  of  lime  gives  up  its  carbonic  acid  by 
the  mere  application  of  heat. 

We  may  consider,  then,  all  bodies  in  nature  as  subject  to  the  ac- 
tion of  two  opposite  forces,  the  mutual  attraction  of  their  particles 
on  the  one  hand,  and  the  repulsive  power  of  caloric  on  the  other;  and 
bodies  exist  in  the  solid,  liquid,  or  elastic  state,  as  one  or  the  other 
of  these  forces  prevail!  Water,  by  losing  caloric,  has  its  cohe- 
sion so  much  increased,  that  it  assumes  the  solid  form  of  ice;  add- 
ing caloriCf  we  diminish  its  cohesion,  and  again  render  it  fluid; 
and,  finmUy,  by  a  still  further  addition  of  caloric,  we  change' it  into 
vapour,  and  give  it  so  much  elasticity,  that  it  may  be  rendered  ca- 
pable of  bursting  the  strongest  vessels.  In  many  liquids,  the  tend- 
ency to  elasticity  is  even  so  great,  that  they  pass,  at  common  tem- 
peratures, to  the  gaseous  form,  by  the  mere  removal  of  the  weight 
of  the  atmosphere. 

Caloric,  like  all  other  bodies,  may  exist  in  two  different  states, 
in  a  state  of  freedom,  and  in  a  state,  cither  of  combination  or  of 
something  nearly  resembling  it.  In  the  former  state  it  is  capable 
of  exciting  the  sensation  of  heat,  and  of  producing  expansion  in 
other  bodies.  To  this  modification  the  terms /ree  or  uncombined 
caloricj  or  caloric  of  temperature^  have  been  applied.  By  the  term 
temperature^  we  are  to  understand  the  state  of  a  body  relatively  to  its 
power  of  exciting  the  sensation  of  heat,  and  occasioning  expan- 
sion; effects  which,  in  all  probability,  bear  a  proportion  to  the 
quantity  of  free  caloric  in  a  given  space,  or  in  a  given  quantity  of 
matter.  Thus  what  we  call  a  high  temperature  may  be  ascribed 
to  the  presence  of  a  large  quantity  of  free  caloric ;  and  a  low  tem- 
perature to  that  of  a  small  quantity.  We  are  unacquainted,  how- 
ever, with  the  extremes  of  temperature;  and  may  compare  it  to  a 
chain,  of  which  a  few  of  the  middle  links  only  are  exposed  to  our 
observation,  while  its  extremities  are  far  removed  from  our  view. 

The  degree  of  expansion  produced  by  caloric,  it  will  afterwards 
appear,  bears  a  sufficient  proportion  to  its  quantity,  to  afford  us  a 
means  of  ascertaining  the  latter  with  tolerable,  though  not  perfect, 
accuracy.  In  estimating  temperature,  indeed,  our  senses  are  ex- 
tremely imperfect;  for  we  compare  our  sensations  of  heat,  not  with 
any  fixed  or  uniform  standard,  but  with  those  sensations,  of  which 
we  have  had  immediately  previous  experience.  The  same  portion 
of  water  will  feel  warm  to  one  hand  removed  from  contact  with 
snow,  and  cold  to  the  other  hand  which  has  been  heated  before  the 
fire.     To  convey,  therefore,  any  pi-ecisc  notion  of  temperature,  we 
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are  obliged  to  describe  the  degree  of  expansion  produced  fai 
one  bod^,  which  has  been  previously  agreed  npon  as  a  atandard'Hir 
comparison.  The  standard  most  commonly  employed  is  a  quaiidlqf 
of  quicksilrer,  contained  in  a  glass  ball,  which  terminates  in  a  lom 
narrow  tube.  This  instrument,  called,  a  thermomdefy  is  of  the  moil 
important  use  in  acquiring  and  recording  our  kno^riedge  of  Ai 
properties  and  laws  of  caloric  The  thermometer9;howe?eiv  k 
must  be  obvious,  is  no  othenfise  a  measurer  of  the  ^uantltf  ^Oh 
loric,  than  as  it  ascertains  the  amount  of  one  of  its  prm(»pal  cflccta; 
In  this  respect,  it  stands  in  much  the  same  predicament  at  the  kf* 
grometers  of  Saussure  or  Deluc,  when  considered  as  meaaa  of  m- 
teimining  the  moisture  of  the  atmosphere.  These  last  inathoBOitii 
it  may  be  remembered,  are  composed  of  some  substance  (iftch  is  m 
hnman  hair,  or  a  slip  of  whalebone)  which  is  Ibigtheiicd  by  a 
moist  atmosphere,  and  contracted  by  a  dry  one;  ana  in  a  demft 
proportionate  to  the  moisture  or  dryness.  But  all  the  bdatmaSumt 
which  hygrometers  of  this  sort  give  us,  is  {he  degree  kd  moiaf  re 
between  certain  points  that  form  the  extremities  of  tli|y|Mdeas 
and  they  are  quite  incompetent  to  measure  the  absolul^^Patitf 
of  watfery  vapour  in  the  air.  ^^^^ 

In  explainmg  those  properties  and  laws  of  caloric,  which  have 
become  known  to  us  by  means  of  the  thermometer,  it  appears  a 
sufficiently  natural  division  of  the  subject  to  describe,  Istqr,  those 
effects  which  caloric  produces,  without  losing  its  properties  of  cs* 
citing  the  sensation  of  heat  and  occasioning  expansion:  and,  Ihlly, 
those  agencies,  in  which  its  characteristic  properties  are  destroy- 
ed, and  in  which  it  ceases  to  be  cognizable  by  our  senses  or  by  the 
thermometer. 

I.  The  EXPANSION  or  dilatation  of  bodies,  it  will  appear,  is  an 
almost  universal  effect  of  an  increase  of  temperature.  Its  amount, 
however,  is  not  ^  same  in  all  bodies,  but  differs  very  essentially. 
By  the  same  increase  of  temperature,  liquids  expand  more  than 
solids,  and  aeriform  bodies  much  more  than  either.  Nor  is  the 
same  quantity  of  expansion  effected  in  the  same  solid  or  liquid,  at 
all  temperatures,  b^  adding  similar  quantities  of  heat;  for,  geie* 
rally  speaking,  bodies  expand  by  equal  increments  of  caloric,  mors 
in  high  than  in  low  temperatures.  The  explanation  of  this  fact  is, 
that  the  force  opposing  expansion  (viz.  cohesion)  is  diminished  hj 
the  interpositioi^  of  caloric  between  the  particles  of  bodies:  and, 
therefore,  when  equal  quantities  of  caloric  are  added  in  succesdoa, 
the  last  portions  meet  with  less  resistance  to  their  expansive  force 
than  the  first.  In  gases,  which  are  destitute  of  cohesion,  equal  in- 
crements of  heat  appear,  on  the  contrary,  to  be  attended  with  pre* 
cisely  equal  augmentations  of  bulk. 


at  an  equality  of  temperature.     When  a  heated  %all  of  iron  ia 
posed  to  the  open  air,  the  caloric,  which  is  accumulated  in  it,  flows 
out;  and  the  temperature  of  the  ball  is  gradually  reduced  to  tksU 
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sairounding  medium.  This  is  owing  to  two  distinct  causes  s 
r,  immediately  surrounding  the  ball,  acquires  part  of  the  ca* 
Nrhich  escapes ;  and,  having  its  bulk  increased,  is  rendered  spe- 
\y  lighter,  and  ascends.  -This  is  succeeded  by  a  cooler  and 
ir  portion  of  air  from  above,  which  in  its  turn  is  expanded, 
irries  off  a  second  quantity  of  caloric  Hence  a  considegn- 
art  of  the  caloric,  which  is  lost  by  a  heated  body,  is  con- 
away  by  the  ambient  air;  a  property,  of  which  advantage  is 
in  the  warming  and  ventilating  of  apartments.  But  the  re-> 
Ltion  cannot  be  wholly  explained  on  this  principle;  for  it  has 
ang  known  that  heated  bodies  cool,  though  with  less  celerity, 
the  exhausted  receiver  of  an  air-pump,  and  even  in  a  Torn- 
i  vacuum. 

len  the  phenomena  accompanying  the  cooling  of  bodies  are 
Ltely  examined,  it  is  found  that  a  part  of  the  caloric,  which 
8,  moves  through  the  atmosphere  with  inmieasurable  ve- 
in an  experiment  of  M. 
t  DO  perceptible  interval  took 
between  the  time  at  which 
:  qnitted  a  heated  body,  and 
eption  by  a  thermometer  at 
stance  of  sixty-nine  feet  It 
rs  also,  from  the  experiments 
!  same  philosopher,  to  move 
equal  ease  in  all  directions, 
ot  to  be  at  all  diverted  from 
irse  by  a  strong  current  of 
eting  it  transversely.  Hence 
ws  that  the  propagation  of 
,  in  this  state  of  rapid  move- 
does  not  depend  on  any 
'  of  the  medium  through 
it  passes.  This  was  satis- 
ly  proved  by  Sir.  H.  Davy, 
mtrived  by  means  of  the  ap- 
s,  represented  in  the  anncx- 
ttch,  to  effect  the  radiation 
xt  in  vacuo.  Between  the 
of  two  wires,  enclosed  in 
ubes,  which  passed  through 
I  plate,  was  placed  a  piece 
rcoal,  which  was  intensely 
I  by  voltaic  electricity,  and 
iect  of  radiation  in  the  focus 
lower  concave  mirror  was 
ftined  by  a  delicate  thermo- 
,  first  when  the  receiver  was  full  of  air,  and  next  when  it  was 
sted  to  ^iz*  ^"  ^^^^  latter  case,  the  effect  of  radiation  was 
to  be  three  times  greater  than  in  an  atmosphere  of  conimon 
jr.  The  greater  rise  of  the  thermometer  in  vacuo  than  in  air 
«  ascri^d  to  the  conducting  power  of  the  latter;  for  this 
Vol.  I.  L 
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conducting  power,  by  reducing  the  temperature  of  the  heated  body, 
has  a  constant  tendency  to  diminish  the  activity  of  radiation,  which 
is  always  proportional  to  the  excess  of  temperature  of  the  heated 
body  above  that  of  the  surrounding  medium. 

Like  light,  heat  appears  to  be  transmitted  in  parallel  rays,  and 
when  thus  in  motion,  it  has  been  called  Radiant  Caloric.  The 
comparative  quantities  of  caloric,  lost  by  radiation  and  by  conduc- 
tion, may  be  approximated  by  observing  what  time  a  body  takes 
to  cool,  through  the  same  number  of  degrees,  in  air  and  in  vacuo. 
By  experiments  of  this  kind.  Dr.  Franklin  thought  he  had  ascer^ 
tained  that  a  body,  which  requires  five  minutes  in  vacuo,  will  cool 
in  air,  through  the  same  number  of  degrees,  in  two  minutes.  Count 
Rumford's  experiments  with  a  Torricellian  vacuum  give  the  pro- 
portions of  5  in  vacuo,  to  3  in  air.  It  will,  perhaps,  not  be  very 
remote  from  the  truth,  if  it  be  stated,  in  general  terms,  that  one- 
half  of  the  caloric,  lost  by  a  heated  body,  escapes  by  radiation,  and 
that  the  rest  is  carried  olV  by  the  ambient  atmosphere. 

The  rate  of  cooling  in  air  appears  to  bear  a  proportion  to  the 
elevation  of  temperature  of  a  body  above  that  ot  the  surrounding 
medium.  Hence  in  part  it  is,  that  a  heated  body,  during  refrigera- 
tion, loses  unequal  quantities  of  caloric  in  equal  times.  The  series 
makes  some  approach  to  a  geometrical  one.  Thus,  supposing  the 
temperature  of  a  body  to  he  10()0  degrees  above  the  surrounding 
medium. 
In  the  first  minute  it  will  lose     -        -    i^^  of   its  heat    or  900" 

In  the  second -y^j^  of  the  remainder =90 

In  the  third >.9y  of  10  -         -  =9 

This  law  of  rcfri iteration,  ori.qinally  laid  down  by  Xewlon,  though 
nearly  ucc unite  at  low  lempcraiurcs,  it  has  been  shown  by  Dcla- 
rocho,  is  far  from  being  so  at  hij^h  ones;  and  his  objections  have 
been  fully  confirmed  by  IVlii  and  Dulon.q;,  who  have  proved  that 
the  error  increases  as  the  tcnij)erature  aui;monls,  and  at  length  be- 
comes enoiniously  great.    (Annals  of  Philosophy,  vol  xiii.) 

The  movement  of  caloric  by  radiation  occurs  only  in  free  space, 
or  through  transparent  media.  It  ap])Cars  to  be  the  same  (lirough 
all  tlie  diiVerenl  varieties  of  aerift>rni  bodies;  though,  as  will  after- 
wards appear,  the  gases  differ  materially  from  each  other  in  their 
conduct itijj;  pour r.  C'aloric  radiates  from  bodies  at  all  temperatures, 
but  the  quantity  radiated  in  a  .ijiven  time  bears  some  proportion  to 
the  excess  of  the  temperature  of  the  hot  body  above  that  of  the 
surrounding  medium.  So  also  does  its  uiUn^lfy  or  tttisioju  for  the 
higher  the  temperature  of  its  source,  the  more  readily  does  radiat- 
ed caloric  penetrate  glass  and  oihv.v  transparent  bodies.  And  if  we 
have  any  number  of  l)oiiies  at  dilferent  temperatures  in  the  vicinity 
of  each  other,  they  may  all,  ai;reeably  to  the  ingenit)us  theory  of 
M.  I'rcvost,  be  considered  both  as  radiatin;^^  and  receiving  caloric; 
but  the  hot  ones  will  radiate  more  than  they  receive,  while  the  cold 
ones  will  receive  more  than  they  radiate. 

The  process  of  radiation  appears  to  be  constantly  going  on  from 
the  surlace  of  the  earth,  and  it  is  partly  on  this  principle  that  we 
are  to  explain  why  the  heat,  which  our  planet  ii  incessantlv  re- 
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ceiving  from  the  sun.  does  not  accumulate  to  such  a  degree  as  to 
render  it  a  less  fit  habitation  for  man.  The  period,  when  radiation 
from  the  surface  of  the  globe  is  most  discoverable  by  its  effects, 
seems  to  be  during  the  night,  especially  when  the  sky  is  perfectly 
unclouded;  for  a  covering  of  clouds  serves  as  a  mantle  to  the  earth, 
which  not  only  prevents  the  free  escape  of  radiant  heat,  but  proba- 
bly radiates  it  back  to  the  earth's  surface.  Under  favourable  cir- 
cumstances, it  has  been  shown  by  Dr.  Wells,  that  the  temperature 
of  the  ground,  especially  when  its  covering  is  formed  of  some  sub- 
stance that  radiates  freely,  is  several  degrees  below  that  of  the  at- 
mospheric stratum,  a  few  feet  above  it.  It  is  this  diminished  tem- 
perature of  the  earth's  surface,  that  occasions  the  deposition  of  dew 
and  hoar  frost,  which  arc  always  observed  to  be  most  abundantly 
formed  under  a  clear  unclouded  sky. 

Caloric,  besides  radiating  through  transparent  media,  is  capable, 
also,  of  passing  through  dense  and  opaque  bodies,  though  with 
prodigiously  impaii'ed  velocity.  Thus  a  long  bar  of  iron,  heated 
at  one  end,  requires  considerable  time  to  become  hot  at  the  other. 
This  property  in  bodies  has  been  called  their  coxductixg  power, 
and  it  exists,  in  different  bodies,  in  very  different  degrees.  It  is 
not,  however,  found  to  bear  a  proportion  to  any  other  quality  of 
bodies,  such  as  their  densities,  &c. 

II.  All  the  properties  of  caloric,  which  have  been  hitherto  de- 
scribed, belong  to  it  when  supposed  to  be  in  a  free  or  uncombined 
form ;  for  it  continues  to  produce  tlic  sensation  of  heat,  and  to  ex- 
pand the  mercury  of  the  thermometer.  In  the  instances  of  its  agen- 
cy^  also,  that  have  been  mentioned,  no  permanent  change  of  form 
or  of  properties  is  effected  in  the  bodies  which  have  imbibed  calo- 
ric. A  bar  of  iron,  after  being  expanded  by  heat,  returns  on  cool- 
inj;  to  the  same  state  as  before,  and  exhibits  all  its  former  quali- 
ties. In  certain  cases,  however,  caloric  is  absorbed  by  bodies,  with 
the  loss  of  its  distinguishing  properties.  It  can  then  be  no  longer 
discovered  by  our  senses  or  by  the  thermometer;  and  it  produces 
important  and  sometimes  permanent  changes  in  the  bodies  into 
vliich  it  enters. 

Those  effects  of  caloric,  in  the  production  of  which  it  loses  its 
disiinj^uishing  properties,  may  be  classed  under  two  general  heads. 
1.  BoiUes^  in  pusslnu:  from  a  denser  to  a  rarer  state,  generally/  ab- 
iorbtabric, — Thus  solids,  during  liquefaclion,  imbibe  a  quantity 
of  caloric  which  ceiises  to  be  api)iirent  to  our  senses  or  to  the  ther- 
mometer; or,  as  it  has  been  tcrrnied,  bccoiiat  latent.  In  a  similar 
tnanncr,  solids  and  licjuids,  during  their  conversion  into  vapours  or 
K'*i«s,  render  latent  a  quantity  of  caloric,  which  is  essential  to  the 
elasticity  of  the  new  product.  In  common  language  cold  is,  in  such 
cases,  said  to  be  produced;  but  by  the  production  of  cold  we  are 
to  understand,  in  philosophicul  languaj«;e,  nothing  more  than  the 
passage  of  caloric  from  a  free  to  a  latent  form. 
,2.  Hodies^  bt/  an  increase  ofdeimtij^  mostly  evolve  or  ^ve  out  ealo- 
^1  Schick  pasaesfroiu  a  latent  to  a  free  state. — The  simplest  illustra- 
tion of  this  law  is  in  the  effect  of  hammering  a  piece  of  metal, 
*^ich  may  thus  be  intensely  h#»atcd,  while  all  that  is  permanently 
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effected  is  an  augmentation  of  its  density.  Liquids  by  beconung 
solids,  or  gases  by  conversion  into  liquids,  also,  evolve  caloric,  or 
produce  an  increase  of  temperature.  A  pound  of  water  condensed 
from  steam,  will  render  100  pounds  of  water  at  50°  warmer  by  11^; 
whereas  a  pound  of  boiling  water  will  produce  the  same  rise  of 
temperature  in  no  more  than  about  13^  pounds.  This  is  owing  to 
the  much  greater  quantity  of  caloric,  existing  in  a  pound  of  steam, 
than  in  a  pound  of  boiling  water,  though  steam  and  boiling  water 
affect  the  thermometer  in  precisely  the  same  degree. 

It  is  a  question  which  has  excited  considerable  interest  among 
philosophers,  whether  caloric,  when  thus  absorbed  and  rendered 
latent,  enters  into  chemical  combination,  or  is  merely  united  by  the 
same  kind  of  ties  as  that  portion  of  caloric  that  produces  the  tem- 
perature of  bodies.  Does  ice,  for  example,  when  changed  into  wa- 
ter, form  a  chemical  union  with  caloric,  similar  to  that  which  ex- 
ists  between  potassa  and  sulphuric  acid?    Such  appears  to  have 
been  the  opinion  of  Dr.  Black,  who,  by  the  powers  of  an  original 
and  well-directed  genius,  discovered,  about  the  year  1760,  the 
greater  number  of  those  facts,  that  formed  the  ground-work  of  the 
theory  of  latent  heat  The  resemblance,  however,  between  chemi- 
cal union  and  the  disappearance  of  caloric,  which,  on  first  view,  ap- 
pears extremely  striking,  will  be  found,  it  must  be  confessed,  less 
close  on  a  nearer  examination ;  for  caloric  may  be  made  to  quit 
those  bodies,  into  which  it  has  entered  with  a  loss  of  its  peculiar 
properties,  merely  by  reducing  their  temperature;  whereas  chemi- 
cal combinations  in  general  cannot  be  destroyed,  except  by  the  in- 
terference of  more  energetic  affinities.     In  opposition  to  the  fore- 
going theory,  it  has  been  contended  that  the  absorption  of  caloric 
by  bodies  is  a  consequence  of  what  has  been  called  a  change  of 
their  capacity.  Thus  ice,  it  is  supposed,  in  becoming  water,  has  its 
capacity  for  caloric  increased,  and  the  absorption  of  caloric  is  re- 
garded as  a  consequence  of  this  increased  capacity.     This  theory, 
however,  is  deficient,  inasmuch  as  it  fails  to  explain  what  is  the 
cause  of  that  change  of  form,  which  is  assumed  to  account  for  the 
increase  of  capacity.     Notwithstanding  this  obvious  objection,  I 
have  retained  the  term  capacity  to  express,  in  the  abstract,  that 
power  by  which  bodies  absorb  and  render  latent  different  quanti- 
ties of  caloric ;  or  the  property  of  requiring  more  or  less  caloric 
for  raising  their  temperature  an  equal  number  of  degrees.     The 
absorption  of  caloric,  then,  will  always  be  owing  to  an  increase, 
and  its  evolution  to  a  decrease,  of  capacity.     The  use  of  these 
terms  may  be  exemplified  by  a  slight  change  of  the  perspicuous 
language  of  Dr.  Crawford.     "The  capacity  for  containing  calo- 
ric," he  observes,  *'and  the  absolute  caloric  contained,  ai-e  distin- 
guished as  a  force  from  the  subject  upon  which  it  operates.  When 
we  speak  of  the  capacity^  we  mean  a  power  inherent  in  the  heated 
body ;  when  we  speak  of  the  absolute  caloric^,  we  mean  an  unknown 
principle,  which  is  retained  in  the  body  by  the  possession  of  this 
power ;  and  when  we  speak  of  the  temperature^  we  consider  the  un- 
known principle  as  producing  certain  effects  upon  the  thermome- 
ter."   (Dr.  Crawford  on  Heat,  p.  8.) 
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As  the  capacities  of  bodies  determine  their  relative  quantities  of 
caloric,  it  seems  reasonable  to  conclude  that,  if  we  can  ascertain 
how  much  caloric  a  body  absorbs  or  gives  out  in  changing  its  form, 
and  in  what  proportion  its  capacity  is  at  the  same  time  altered, 
we  may  deduce  the  absoitUe  qmntily  of  heat  which  it  contains.  Now 
it  wUl  be  afterwards  shown  that  the  heat,  evolved  by  water  in 
freezing,  is  equal  to  140°;  and  the  capacity  of  water  has  been  stated 
to  bear  to  that  of  ice  the  proportion  of  10  to  9.     Water,  then,  in 
becoming  ice,  must  give  out  -j^th  of  its  whole  caloric,  and,  as  this 
amounts  to  140^  ten  times  140  (or  1400°)  is  the  whole  quantity  of 
caloric  in  water  at  the  temperature  of  32° ;  and,  deducting  140  from 
1400,  we  have  1260°  for  the  caloric  contained  in  the  ice  itself.  This 
method  of  determining  the  problem  seems,  however,  to  me,  to  be 
liable  to  several  objections,  which  it  would  take  up  too  much  room 
to  state  in  this  place,  and  which  I  have  elsewhere  urged  at  consi- 
derable length.     (Manchester  Memoirs,  vol.  v.)     Nor  does  it  ap- 
pear to  me  that  any  other  mode  of  investigation  yet  proposed  is 
capable  of  giving  us  approximations  to  the  truth,  that  are  more  to 
be  relied  on;  for  such  enormous  differences  as  to  the  absolute  zero, 
or  point  of  total  privation  of  heat  on  the  thermomctric  scale,  have 
resulted  from  the  inquiries  of  diflcrent  philosophers,  as  to  show 
thpt  we  still  want  the  data  essential  to  such  an  investigation. 

These  general  observations  I  have  deemed  it  necessary  to  make, 
with  a  view  of  connecting  together  the  propositions  respecting  ca- 
loric, and  the  experiments  illustrating  them,  that  form  the  subject 
of  the  following  sections.  The  inquiry  respecting  heat  is  one  which 
presents  a  boundless  field  for  interesting  speculation ;  and  it  would 
have  been  easy  to  have  extended  very  considerably  the  discussion 
of  its  nature  and  properties.  But,  in  this  work,  1  have  no  farther 
object  than  to  lead  the  student,  by  easy  steps,  to  a  knowledge  of 
what  has  been  actually  determined  by  experiment,  or  strictly  and 
legitimately  deduced  from  it 


SECTION  II. 

lUuBlrationa  of  the  Effects  of  Free  Caloric. 

I.  Caloric  exjmnds  all  bodies.^^The  expansion  of  liquids  is  shown 
by  that  of  the  mercury  of  a  thermometer,  or  by  immersing  in  hot 
water  a  glass  matrass  (pi.  i.  fig.  4),  filled,  up  to  a  mark  in  the  neck, 
with  spirit  of  wine,  tinged  with  any  colouring  substance.  The 
spirit  expands  immediately  when  heated,  and  would  overflow  if  not 
placed  in  a  cooler  situation.  The  degree  of  expansion  produced 
in  different  liquids,  by  similar  elevations  of  temperature,  varies 
very  considerably.  Thus  water  expands  much  more  than  mercury, 
and  alcohol  more  than  water.  This  difference  of  expansibility  is 
even  sufficiently  striking  to  appear  in  a  remarkable  degree  when  wc 
immerse,  in  water  heated  to  150°,  three  equal  glass  vessels  of  the 
sh^>e  of  thermometer  tubes,  containing,  the  one  mercury,  the  other 
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water,  and  Ihc  third  spirit  of  wine.  The  spirit  will  begin  to  escape 
from  the  aperture  of  tlie  vessel,  before  the  mercury  has  ascended 
far  in  the  stem. 

It  must  be  obvious,  however,  that  we  cannot  determine,  in  this 
way,  the  true  amount  of  expansion  in  any  fluid,  because  the  con- 
taining glass  vessel  has,  at  the  same  time,  its  capacity  enlarged. 
Hence  the  real  expansion  of  the  fluid  exceeds  the  apparent;  and,  in 
order  to  know  the  true  amount  of  expansion  in  the  liquid,  we  must 
correct  the  experimental  result  by  taking  into  account  the  expan- 
sion of  glass.  In  determining  the  dilatation  of  mercury,  MM.  Petit 
and  Dulong  avoided  the  necessity  of  this  correction,  and  followed 
a  method  founded  upon  a  hydrosiatical  principle,  viz^  that  when 
two  columns  of  liquid  communicate  by  a  horizontal  tube,  the  ver- 
tical heights  of  their  surfaces  are  in  the  inverse  ratio  of  their  den- 
sities. Surrounding,  therefore,  one  of  the  columns  with  ice,  and 
raising  the  other  to  any  known  temperature,  it  was  found  to  be  suf- 
ficient, in  order  to  obtain  the  absolute  dilatation,  to  measure  the 
height  of  each  column.  (Ann.  Ch.  et  Ph.,  xvii.,  or  Ann.  of  PhiL 
2d  series,  vol.  13.) 

In  the  appendix  to  vol.  ii.  tables  will  be  found,  showing  the  ex- 
pansion of  various  liquids  by  heat. 

The  expansion  oi  aeriform  bodies  may  be  exemplified  by  holdings 
near  the  tire  a  bladder  half  filled  with  air,  the  neck  of  which  is 
closely  tied,  so  as  to  prevent  the  enclosed  air  from  escaping.  The 
bladder  will  soon  be  fullv  distended,  and  mav  even  be  burst  bv  con- 
tinuin^  and  incroasini^  the  heat.  All  aeriform  bq^ies,  when  de- 
prived of  moisiurt*,  and  even  condensable  vapours,  when  not  in 
contact  with  the  li(|uids  from  which  they  have  been  produced,  iin- 
derjj^o  the  same  expansion  or  conlraolidn,  at  all  temperaluri^s  hither- 
to tried,  by  similar  additions  or  siil)tra(tions  of  heat.  This,  for  a 
sinj^le  degree  of  I'ahrcnheit's  thrrnionieltM*,  is  ^-i^  part  of  their 
bulk,  between  .y2  and  2li2',  as  first  determined  by  Sir.  Dalton,and 
afterwards  confirmed  by  (iay  Lussac,  and  by  Petit  and  Dulong, 
who  have  extended  the  law  up  to  oTii"  Fahr.  (An.  of  Phil.,  N.  S., 
xiii.  lir.)  This  e([uable  expansion  of  air  by  ecjual  increments  of 
heat  adapts  it  for  the  accurate  measurement  of  it-mperature.  At  a 
cherry-rt'd  heat  (  =  about  lOv'J.r  Fahr.)  Sir  II.  Davy  found  that  a 
volume  of  air  =  I  at  21-1'  Fahr.,  became  52.5  volumes.  (On  Flame, 
p.  OS.) 

The  expansion  of  aoHdH  may  be  mad«*  :;|'»i>urent  by  heating  a  rod 
of  iron,  of  siirh  a  leni;ll\  as  to  he  imlud.-.I.  when  cold,  between  two 
points,  and  the  dianuier  of  wITkIi  is  such  as  barely  to  allow  it  to 
pass  throU|;h  an  iron  rin;;.  When  heated,  it  will  have  become  sen- 
sibly h)n'^er;  and  it  will  l)«'  found  inrapa!)le  of  passing  through  the 
ring.  This  propiTty  of  meials  has  liern  a|)plied  to  a  variety  of  use- 
ful purposes,  'I'he  iron  band,  or  ///v.  as  it  is  railed,  of  a  carriage- 
wheel,  biing  purposrly  made  a  little  smaller  than  the  wooden  cir- 
cle, is  enlarged  by  heut  so  as  to  enibrar«r  the  latter,  and  being  then 
suddeidy  «  ojiled,  by  throwing  water  upon  it,  is  again  contracted, 
and  becomes  immoveably  fixed.  An  ingenious  use  of  the  same 
principle  was  made,  several  years  ago,  at  Paris,  by  jM.  Molard,  in 
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restoring  to  the  perpendicular  two  opposite  walls  of  a  building, 
'which  had  been  pressed  outwards  by  the  incumbent  weight. 
Through  holes  in  the  walls,  opposite  to  each  other,  several  strong 
iron  bars  were  introduced,  so  as  to  cross  the  apartment,  and  to 
project  outside  the  building  sufficiently  to  allow  strong  iron  plates, 
or  vaiherSj  to  be  screwed  upon  their  ends.  The  bars  were  then 
heated,  and  the  iron  plates  screwed  up.  On  coonng,  the  bars  con- 
tracted, and  drew  the  separated  walls  nearer  together ;  and  this  was 
repeated  till  the  walls  had  regained  their  perpendicular  position. 

The  expansion  of  metals  produces  important  eflects  in  various 
mechanical  instruments,  especially  in  clocks ;  for  a  pendulum  vi- 
brating seconds  will,  by  a  change  of  temperature  equal  to  30°  Fahr. 
alter  its  length  about  ^V^r?  P^^^  which  is  sufficient  to  change  its 
rate  of  going  eight  seconds  of  lime  per  day.  To  obviate  this  in- 
convenience, various  contrivances  have  been  resorted  to,  which  are 
described  in  works  on  practical  horology. 

The  degree  of  expansion  is  not  the  same  for  all  solids,  and  even 
differs  materially  in  substances  of  the  same  class..  Thus,  the  metals 
expand  in  the  following  order,  the  most  expansible  being  placed 
first:  zinc,  lead,  tin,  copper,  bismuth,  iron,  steel,  antimony,  palla- 
dium, platinum.  The  experiments  of  Petit  and  Dulong  (Ann.  of 
Phil.,  xiii.  164)  tend  to  show  that  une([ual  de^^rces  of  expansion  arc 
produced  in  a  bar  of  metal  by  a  succession  of  similar  increments 
of  heat;  the  rate  of  expansion  increasing  with  the  temperature,  as 
appears  from  the  following  tabic : 

Tcmp^.  measurc<I  by  Expansions  in  bulk  of  Linear  expansions, 

expansion  of  air.  Iron.      Cop.    I'lut.  Iron.      Cop.       Plat. 

OMo  ir^i^"  cent,  give  ^ij      -Jt    itt  sU      ih    tttt 

0=  to  oOO°  cent,  (mean)      ^^^       j\j    ^ '^  ^i-^      ^j^     ,^\^ 

The  instrument  by  ^which  diflerent  expansions  arc  measured  is 
called  2l  pyrometer^  and,  in  its  construction,  so  as  to  render  it  capa- 
ble of  measuring  very  small  dilatations,  great  ingenuity  has  been 
exerted  by  various  philosophers  and  artists.  The  results  of  the  most 
accurate  experiments  on  this  subject  will  be  found  in  tal)Ies  in  the 
appendix.  Tor  short  distances,  these  dilatations  may  not  be  im- 
portant, but«  in  long  chains  or  rods  of  metal,  the  amount  is  consi- 
derable. The  word  pijroiiivUr  is  applied  also,  not  unlVeciuently,  to 
an  instrument  adapted  to  measure,  by  the  expansion  of  solids,  de- 
grees of  heat  much  hii^hcr  than  those  which  can  be  determined  by 
the  mercurial  thermometer.  Of  these  there  are  several,  but  the 
best,  perhaps,  is  that  of  Mr.  Daniel.  A  bar  of  platinum  is  enclosed 
in  a  case  made  of  the  same  ware  as  bluck-Ie;id  crucibles,  and  is  fix- 
ed to  it  at  one  end,  while  the  other  is  left  free  to  move  an  index, 
by  which  means  degrees  of  heat  above  ignition  admit  of  being 
measured,  but  not  with  accuracy,  owing  to  the  increasing  rate  of 
expansion  in  metals  at  high  temperatures.     (Jour,  of  Science,  xL 

On  the  same  principle,  M.  IJreguet  has  constructed  a  very  sensi- 
ble metallic  thermometer,  for  temperatures  between  the  freezing 
and  boiling  points  of  water.    (Ann.  de  Chim.  et  de  Phys.,  v.  dl'2.) 


88  OF  BXAT  OR  CALORIC.  CHAP.  IB. 

It  consists  of  a  slip  of  silver  and  another  of  platina,  united  face  to 
face  Mith  solder,  and  coiled  into  a  spiral,  one  end  of  which  is  fixed, 
while  <lhc  other  is  connected  with  an  index  which  moves  over  a 
circular  graduated  plate.  Strictly,  two  metals  only  are  sufficient  for 
the  purpose,  platina  and  silver  for  instance ;  but  it  has  been  found 
to  be  an  improveijient  to  employ  three,  and  the  instrument  is  now 
prepared  by  interposing  between  the  platina  and  silver  a  metal  of 
mean  dilatability,  such  as  pure  gold.  The  unequal  expansion  of 
the  metals  causes  the  spiral  to  increase  or  diminish  the  degree  of  its 
curvature  by  variations  of  temperature;  and  the  needle,  being  at- 
tached at  right  angles  *to  the  axis  of  the  spiral,  is  thus  made  to 
traverse  the  graduated  circle.  Experiment  has  shown  that  the 
needle,  for  equal  changes  of  temperature,  moves  over  equal  arcs, 
so  that  the  instrument  is  comparable,  not  only  with  itself,  but  with 
others  constructed  on  the  same  principle.  Such  was  found  to  be 
its  great  sensibility,  that,  when  enclosed  in  a  large  receiver,  which 
was  rapidly  exhausted  by  the  air-pump,  it  indicated  a  reduction  of 
temperature  from  6G°  Fahr.  to  25°  (=«  41°),  while  a  sensible  mer- 
curial thermometer,  similarly  situated,  fell  only  3.6°. 

To  the  general  law  of  the  expansion  of  bodies  by  heat,  and  their 
contraction  by  cold,  there  arc,  however,  several  exceptions.  Water 
by  freezing  is  considerably  increased  in  bulk;  salts  in  the  act  of 
crystallizing  expand;  and  some  of  the  metals,  as  cast-iron,  bis- 
muth, and  antimony,  have  their  dimensions  enlarged  by  congeal- 
ing; but  mercury  and  other  metals  follow  the  general  law,  and  oc- 
cupy less  bulk  when  solid  than  when  lluid. 

II.  Construction  of  the  thermometer^  founded  on  the  principle  of  ex- 
pannion, — The  thermometer  is  an  instrument  of  so  much  import- 
ance, that  it  may  be  expedient  to  trace  its  history,  and  to  explain 
the  construction  of  the  different  kinds  which  are  required  in  che- 
mical researches. 

The  instrument  employed  by  Sanctorio,  to  whom  the  invention 
of  the  thermometer  is  generally  ascribed,  was  of  a  very  simple 
kind,  and  measured  variations  of  temperature  by  the  variable  ex- 
pansion of  a  confined  portion  of  air.  To  prepare  this  instrument, 
a  glass  tube  (pi.  i.  fig.  9)  is  to  be  provided,  eighteen  inches  long, 
open  at  one  end,  and  blown  into  a  ball  at  the  other.  On  applying 
a  warm  hand  to  the  ball,  the  included  air  expands,  and  a  portion 
is  expelled  through  the  open  end  of  the  tube.  In  this  slate,  the  aper- 
ture is  quickly  immersed  in  a  cup  filled  with  any  coloured  liquid, 
which  ascends  into  the  tube  as  tin*  air  in  the  ball  contracts  by  cool- 
ing. The  instrument  is  now  j)repared.  An  increase  oriemporalu re 
forces  the  liquor  down  the  tube;  and,  on  the  contrary,  llie  applica- 
tion of  cold  causes  its  ascent.  These  effects  mav  be  exhibited  al- 
ternaiely  by  api)lying  the  hand  to  the  ball,  and  then  blowing  on  it 
with  a  pair  of  bellows.  By  the  application  of  a  graduated  scale, 
the  amount  of  the  expansion  may  i)e  measured. 

The  ball  of  the  above  instrument,  it  must  be  obvious,  cannot  be 
conveniently  a])plie(l  to  measure  the  temperature  of  liquids.  For 
adapting  it  to  this  purpose,  a  slight  variation  may  be  made  in  its 
construction,  as  re|yrebented  fig.  8,  //.    To  prepare  this  instrument. 
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a  small  spherical  glass  vessel  is  to  be  about  one  6th  or  one  4th  filled 
with  any  coloured  liquid.  The  tube,  open  at  both  ends,  is  then  to  be 
crniented  into  the  neck,  ^vith  its  lower  aperture  beneath  the  surface 
of  the  fluid.  The  expansion  of  the  included  air  drives  the  liquid  up 
the  stem,  to  which  we  may  affix  a  graduated  scale,  corresponding 
with  that  of  a  common  mercurial  thermometer.  Other  modifica- 
tions have  also  been  made  by  different  philosophers.  One  of  tlie 
most  useful  and  simple  forms  is  represented  fig.  8,  b.  It  consists 
merely  of  a  tube  of  very  small  bore,  from  9  to  12  inches  long,  at 
one  end  of  which  is  blown  a  ball,  from  half  an  inch  to  an  inch  in 
diameter,  which  is  afterwards  blackened  by  paint,  or  by  the  smoke 
of  a  candle.  A  small  column  of  coloured  liquid,  about  an  inch  in 
length,  is  then  introduced,  by  a  manipulation  similar  to  that  al- 
ready described.  To  fit  the  instrument  for  use,  this  column  ought 
to  l)c  stationary,  about  the  middle  of  the  tube,  at  the  common  tcm- 
]KTUture  of  the  atmosphere.  The  slightest  variation  of  temperature 
occasions  the  movement  of  the  coloured  liquid;  aud  a  scale  of  equal 
parts  measures  the  amount  of  the  cflcct. 

An  insuperable  objection,  however,  to  the  air  thermometer,  as 
thtu  cofuiritcted,  is,  that  it  is  affected  not  only  by  changes  of  tem- 
perature, but  by  variations  of  atmospheric  pressure.  Its  utility  con- 
sists in  the  great  amount  of  the  cxjjunsion  of  air,  which,  by  a  given 
I'levaiion  of  temperature,  is  inciTascd  in  bulk  above  twenty  times 
more  than  mercury.  Hence  it  is  adapted  to  detect  minute  changes, 
which  the  mercurial  thermometer  would  scarcely  discover;  and, 
its  expansions  being  uniform  for  equal  additions  of  heat,  it  is  better 
a(Iaj)icd  than  any  li([uid  for  becoming,  when  properly  applied,  an 
licrurale  measure  of  temperature. 

An  ingenious  modiiicalion  of  the  air  tbermoinet<;r  has  been  in- 
\cnted  by  Mr.  Leslie,  and  employed  by  him,  with  great  advantage, 
in  his  interesting  researches  respecting  heat.  To  this  instrumeut 
lie  has  given  the  name  of  the  Diilereutial  Thermometer.  Its  con- 
struction is  as  follows:  ''Two  glass  tubes  of  unequal  lenijth,  each 
terminating  in  a  hollow  ball,  and  having  their  bores  somewhat 
widened  at  the  other  ends  (a  small  portion  of  sulphuric  acid,  tinged 
with  carmine,  being  introduced  into  the  ball  of  the  longer  tube,) 
are  joined  together  by  the  flame  of  a  blow-pipe,  and  afterwards  bent 
marly  into  the  shape  of  the  letter  U  (see  fig.  7),  the  one  flexure  be- 
ing made  just  below  the  joining,  where  the  small  cavity  facilitates 
the  adjustment  of  the  instrument.  This,  by  a  little  dexterity,  is 
prrformed  by  forcing,  with  the  heat  of  the  hand,  a  few  minute  glo- 
Imles  of  air  from  the  one  cavity  into  ihe  other.  The  balls  arc  blown 
as  e(iual  as  the  eye  can  jnd.u:e,  ami  fVoiu  four-tenths  to  seven-tenths 
of  an  inch  diameter.  The  tubrs  arc  su<  h  as  are  drawn  for  thermo- 
meters, only  with  wider  bores;  that  of  the  short  one,  to  which  the 
sc  ale  is  affixed,  must  have  an  exact  caliln-e  of  a  :»()th,  or  a  60th,  of 
an  inch.  The  boi*e  of  the  h)ng  tube  need  not  be  so  regular,  but 
should  U;  visibly  larger,  us  the  coloured  li(iuid  will  then  move 
quicker  under  an\  in^>ression.  Kaeli  lejc  "f  tlie  instrument  is  from 
three  to  six  inches  in  liei^ht,  and  the  balls  arc  fiom  two  to  (our 
inches  apart. 
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90  OF  HEAT  OH  CALORIC*  CHAP.  lU. 

**  A  moment's  attention  to  the  construction  of  this  instrumeBt 
will  satisfy  us,  that  it  is  aifected  only  by  the  difference  of  heat  in  tlie 
corresponding  balls;  and  is  calculated  to  measure  such  difference 
with  peculiar  nicety.  As  long^  as  both  balls  are  of  the  same  tempe> 
rature,  whatever  this  may  be,  the  air  contained  in  both  will  have 
the  same  elasticity,  and,  consequently,  the  intercluded  coloured 
liquor,  being  pressed  equally  in  opposite  directions,  must  remain 
stationary.  But  if,  for  instance,  the  ball  which  holds  a  portion  of 
the  Ii([uor  be  warmer  than  the  other,  the  superior  elasticity  of  the 
confined  air  will  drive  the  liquid  forwards,  and  make  it  rise,  in  the 
opposite  branch,  above  the  zero,  to  an  elevation  proportional  to  the 
excess  of  elasticity,  or  of  heat."  The  amount  of  the  effect  is  ascer- 
tained by  a  graduated  scale,  the  interval  between  freezing  and  boil- 
ing being  distinguished  into  10()  equal  degrees.  This  instrument, 
it  must  be  obvious,  cannot  be  applied  to  measure  variations  in  the 
temperature  of  the  surrounding  atmosphere,  for  the  reason  already 
assigned.  It  is  peculiarly  adapted  to  ascertain  the  difference  of  the 
temperatures  ol  two  contiguous  spots  in  the  same  atmosphere;  for 
example,  to  determine  the  heat  in  the  focus  of  a  reflector. 

A  differential  thermometer  has  been  contrived  by  Dr.  Howard, 
resembling  that  of  Mr.  Leslie  in  its  general  form,  but  in  which  the 
degree  of  heat  is  measured  by  the  expansive  force  of  the  vapour  of 
ether  or  spirit  of  wine  in  vacuo.  Directions  for  constructing  it  arc 
given  in  the  8th  volume  of  the  Quarterly  Journal  of  Science,  p. 
219.  It  is  intended  to  be  applied  to  the  same  purposes  as  that  of 
Mr.  Leslie,  but  is  said  to  be  more  sensible  to  changes  of  tempera- 
ture, and  the  movement  of  the  iluid  (ether  tinged  by  a  drop  of  tinc- 
ture of  cochineal)  follows  instantaneously  the  application  of  the 
heating  cause,  whci*eas  in  the  air  tlvermometer  some  time  is  re- 
quired before  the  cflect  takes  place. 

Thermometers,  filled  with  spirits  of  wine  (a  liquid  which  has 
not  been  congealed  by  any  degree  of  cold  hitherto  produced),  arc 
best  adapted  to  the  measurement  of  very  low  temperatures,  at  which 
mercury  would  freeze.  The  amount  of  the  expansion  of  alcohol, 
also,  which  exceeds  that  of  mercury  above  eight  times,  fits  it  for 
ascertaining  very  slight  variations  of  temperature.  But  it  cannot 
l>e  ap])lied  to  measure  high  degrees  of  heat;  because  the  conver- 
sion of  the  spirit  into  vapour  would  burst  the  instrument. 

The  fluid  best  adapted  for  filling  thermometers  is  mercury,  which, 
though  it  expands  less  in  amount  than  air,  or  alcohol,  still  under- 
goes this  change  to  a  sufficient  degree;  and,  in  consequence  of  its 
difficult  conversion  into  va|)()ur,  may  be  applied  to  the  admeasure- 
ment of  more  elevated  trniporuiures.  As  a  considerable  saving  of 
expense  will  accrue  to  the  exixtrimrntalist,  who  is  able  to  construct 
mercurial  thermometers,  I  shall  oflcr  some  rules  for  this  purpose. 
In  general,  however,  1  should  deem  it  preferable  merely  to  super- 
intend their  ionsirui:iio!i,  when  wanted  for  delicate  experiments, 
and  to  1h!  satisfied,  by  actual  inspection,  that  the  necessary  accu- 
racy is  observed;  lK!cause  much  lime  must  be  unavoidably  lost  in 
acquiring  the  manual  i>kill  which  is  essential  to  construct  ihem 
neatly. 
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Thermometer  tubes  may  be  had  at  the  glass-house,  and  of  most 
pbilosophical  instrument  makers.  In  purchasing  them,  those  should 
DC  rejected  that  are  not  hermetically  sealed  at  both  ends;  because 
the  smallest  condensation  of  moisture,  which  must  take  place  when 
air  is  freely  admitted  within  the  tube,  is  injurious  to  the  accuracy 
of  the  instrument.  A  small  bottle  of  elastic  gum  should  be  pro- 
vided, in  the  side  of  which  a  brass  valve  is  fixed,  or  a  piece  of  brass 
perforated  by  a  small  hole,  to  be  occasionally  stopped  by  the  finger. 
A  blow-pipe  is  also  an  essential  part  of  the  apparatus;  and,  in  ad- 
dition to  one  of  the  ordinary  kind,  it  will  be  found  useful  to  have 
one  which  is  supplied  with  air  by  a  pair  of  double  bellows,  worked 
by  the  foot. 

Before  proceeding  to  the  construction  of  the  thermometer,  it  is 
necessary  to  ascertain  that  the  tube  is  of  equal  diameter  in  different 
parts.  This  is  done  by  breaking  off  both  of  the  sealed  ends,  im- 
mersing one  of  them  an  inch  or  two  deep  in  clean  and  dry  mercury, 
and  then  closing  the  other  end  with  the  finger.  On  withdrawing 
the  tube  from  the  mercury,  a  small  column  of  that  fluid  remains  in 
it,  the  length  of  which  is  to  be  examined,  by  laying  the  tube  hori- 
zontally on  a  graduated  ruler.*  Dy  inclining  the  tube,  this  column 
may  be  ^pradually  moved  through  its  whole  length;  and  if  the  tube 
be  of  umform  bore,  it  will  measure  the  same  in  every  part.  Such 
a  degree  of  perfection,  however,  is  scarcely  ever  to  be  observed 
throughout  tubes  of  considerable  length;  but,  in  general,  a  portion 
of  the  tube  will  be  found  perfect,  of  sufficient  length  for  a  thermo- 
meter, and  this  part  is  to  be  broken  off. 

On  one  end  oi  the  tube  let  the  neck  of  the  elastic  bottle  be  firmly 
tied ;  and  let  the  other  end  be  heated  by  the  flame  of  the  blow-pipe, 
till  the  glass  softens.  The  softened  part  must  then  be  pressed,  by 
a  clean  piece  of  metal,  into  the  form  of  a  rounded  button;  and  to 
this  the  flame  of  the  lamp  must  be  steadily  appliod,  till  it  acquires 
a  white  heat,  and  seems  about  to  enter  into  fusion.  To  prevent  its 
falling  on  one  side,  the  tube,  during  this  time,  must  be  constantly 
turned  round  by  the  hand.  When  the  heated  part  appears  perfectly 
soft,  remove  it  quickly  from  the  lamp,  and,  holding  the  tube  verti- 
cally, with  the  elastic  bottle  uppermost,  press  this  last  gently  with 
the  hand.  The  glass  will  be  blown  into  a  small  ball,  but  not  into 
one  sufficiently  thin  for  the  purpose.  To  this  the  flame  of  the  lamp 
must  again  be  applied,  tummg  it  quickly  round ;  and,  on  a  second 
or  third  repetition  of  the  process  of  blowing,  the  ball  will  be  com- 
pletely formed.  The  proportion  of  the  si£e  of  the  ball  to  the  bore 
of  the  tube  can  only  be  learned  by  some  experience. 

To  fill  the  ball,  which  has  been  thus  formed,  with  mercury,  the 
air  must  first  be  expelled  by  holding  it  over  the  flame  of  an  Ar- 
gand's  lamp,  and  then  quickly  immersing  the  open  end  of  the  tube 
in  very  clean  and  dry  quicksilver.  As  the  ball  cools,  the  mercury 
will  ascend,  and  will  partly  fill  it.  Let  a  paper  funnel  be  tied  firmly 
over  the  open  end  of  the  tube;  into  this  pour  a  small  portion  of 

*  If  the  tube  be  of  an  extremely  nnsU  bore,  the  mercury  will  not  enter,  and 
taiut  be  drawn  in  by  the  action  of  the  elastic  bottle,  and  not  by  the  mouth. 
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quicKsilvery  and  applv  tlic  heat  of  the  lamp  to  the  balL  Any 
niaining  portion  of  air  will  thus  be  cxpcUed ;  and  if  the  heat  be 
raised  so  as  to  boil  the  mercury,  the  ball  and  stem  will  be  filled 
with  mercurial  vapour,  the  condensation  of  which,  on  remoTUig 
the  ball  from  the  lamp,  will  occasion  a  pretty  complete  vacuum. 
Into  this  vacuum,  quicksilver  will  descend  from  the  paper  cone; 
and  the  instrument  will  be  completely  filled.  But,  for  the  purpose  of 
a  thermometer,  it  is  necessary  that  the  mercury  should  rise  only  to 
a  certain  height  in  the  stem;  and  a  few  drops  may,  therefore,  be 
expelled  by  cautiously  applying  the  heat  of  the  lamp.  To  estimate 
whether  tfie  proper  quantity  of  quicksilver  has  been  left  in  the 
instrument,  immerse  the  ball  first  in  ice-cold  water,  and  then  the 
mouth.  The  space  between  these  two  points  will  comprise  about 
64^,  or  rather  more  than  one-third  of  the  whole  space  between  the 
freezing  and  boiling  points  of  water.  If  the  empty  part  of  the  tube 
exceeds,  in  length,  about  three  times  the  portion  thus  filled  by  the 
expanded  quicksilver,  we  may  proceed  (when  an  instrument  is  want- 
ed with  a  scale  including  only  from  32"^  to  212°)  to  seal  it  hermeti- 
cally, which  is  done  as  follows :  The  part  to  be  sealed  is  first  heat- 
ed with  the  blow-ptpe,  and  drawn  out  to  a  fine  capillary  tube;  the 
bulb  is  then  heated,  till  a  few  particles  of  quicksilver  have  fallen 
from  the  top  of  the  tube:  at  this  moment,  the  flame  of  another  can- 
dle is  directed,  by  the  blow-pipe,  on  the  capillary  part  of  the  tube, 
the  candle  is  withdrawn  from  the  ball,  and  the  tube  is  sealed,  at  the 
instant  when  the  mercury  begins  to  descend.  If  this  operation  has 
been  skilfully  performed,  so  as  to  leave  no  air  in  the  tube,  the  whole 
of  the  tube  should  be  filled  with  quicksilver  on  holding  the  instru- 
ment with  the  ball  upj)ermost. 

To  have  very  large  degrees,  the  ball  must  bear  a  considerable 
proportion  to  the  lube;  but  this  extent  of  scale  cannot  be  obtained 
without  sacrificing,  in  some  measure,  the  sensibility  of  the  instru- 
ment.* The  whole  of  the  process  of  constru cling  thermometers 
neatly  and  accurately  is  connected  wiili  the  jiossession  of  manual 
skill,  which  practice  only  can  confer;  and  it  is  scarcely  possiblo, 
without  the  most  tedious  minuteness,  to  describe  all  the  necessary 
precautions  and  manipulations.  These  will  readily  suggest  them- 
selves to  a  person  who  carries  the  above  instructions  into  effect. 

In  graduating  thermometers,  the  first  step  consists  in  taking  the 
two  fixed  points.  The  freezing  point  i;s  ascertained,  by  immersing, 
in  thawing  snow  or  ire,  the  ball  and  part  of  the  stem;  so  that  the 
mercury,  when  stationary,  shall  barely  appear  above  the  surface. 
At  this  place  let  a  mark  be  made  with  a  file.  In  taking  the  boiling 
point,  considerable  caution  is  recjuii-ed;  and,  for  reasons  which  will 
afterwards  be  stated,  attention  must  I)e  paid  to  (he  state  of  the  ba- 
rometer, the  height  of  which,  at  the  time,  should  be  precisely  21>.H. 
A  tin  vessel  is  to  be  provided,  (for,  according  to  (iay  Lussac«t  one 
of  glass  leads  to  erroneous  results,)  four  or  i\\c  inciies  longer  than 

•  Directions  for  constnicting  thcmiomctrrs  of  pfro.it  sonsihility  arc  Riven  by 
the  Clievalici-  l^ndriani,  in  the  7th  volume  of  the  Juurn.il  of  Science,  p.  1S.L 
t  H2  An.  de  Ch.  17^  and  7  An.  dc  Cli  ct  tW  Iliys.  ^07. 
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Ibc  thermometer,  and  furnished  with  a  cover,  in  wliich  arc  two 
holes.  Through  one  of  those  the  thermometer  stem  must  be 
passed  (the  bulb  being  within  the  vessel),  so  that  the  part  at 
which  the  boiling  point  is  expected  may  be  just  in  sight.  The 
other  hole  may  be  left  open;  and,  the  cover  being  fixed  in  its 
place,  the  vessel,  containing  a  few  inches  of  water  at  the  bottom,  is 
to  be  set  on  the  fire.  The  thermometer  will  presently  be  wholly 
surrounded  by  the  steam;  and  when  the  mercury  becomes  sta- 
tionary in  the  stem,  its  place  must  be  marked.  The  scale  of  Fah- 
renheit is  formed  by  transferring  the  intermediate  space  to  paper 
by  a  pair  of  compasses,  and  dividing  it  into  180°,  the  lowest  being 
called  3'2S  and  the  highest  5212^.  The  scale  of  other  countries, 
however,  diflers  considerably;  but  these  variations  do  not  prevent 
the  comparison  of  observations  with  difi'erent  instruments,  when 
the  freezing  and  boiling  points  of  water  are  agreed  upon  as  fixed 
data.  In  the  Appendix,  rules  will  be  given  for  converting  the  de- 
grees of  other  scales  to  that  of  Fahrenheit. 

III.  The  dilatations  and  contractions  of  thejhnd  in  the  mercurial 
ihennometer^  are  nearh/  proportional  to  the  gititntilies  of  caloric^  which 
are  communicated  to  the  same  Iwmosccncous  bodies^  or  separated  from 
thetn^  so  lonsc  as  they  retain  the  same  form. 

Thus  the  quantity  of  caloric  rec[uired  to  raise  a  body  20°  in  tem- 
jirraturc,  by  the  mercurial  thermometer,  is  nearly  double  that 
which  is  required  to  raise  it  10°.  Hence  there  appears  to  be  a  pret- 
ty accurate  proportion  between  the  increments  or  decrements  of 
111 'at,  and  the  increments  or  decrements  of  expansion  in  the  mercury 
of  a  thermometer.  On  this  principle,  if  e<|ual  (|uantities  of  hot  and 
cold  water  be  mixed  logethrr,  and  a  thermometer  be  immersed  in 
the  Jiot  water,  and  also  in  the  cold,  previously  to  the  mixture,  the 
instrument  should  point,  after  the  mixture,  to  the  arithmetical 
mean,  or  to  half  the  difl'erenri».  of  \hv  srparate  heats,  added  to  the 
less,  or  subtracted  from  the  greater.  This  will  be  j)roved  to  be  ac- 
tually the  fact,  by  the  following  experiment.  Mix  a  pound  of  wa- 
t»»r  at  ir-i"'  with  a  pound  at  32  .  Half  the  excess  of  the  caloric  of 
the  hot  water  will  pass  to  the  colder  portion;  that  is,  the  hot  wa- 
ter will  be  cooled  70',  and  the  cold  will  receive  70"  of  temperature; 
thi'refore  172  —  70,  or  32  +  70  =  102,  will  give  the  heat  of  the 
mixture.  To  attain  the  arithmetical  mean  exactly,  several  precau- 
tions must  be  observed,  which  have  been  pointed  out  in  Dr.  Craw- 
ford's Ilssay  on  Heat.  p.  95. 

Tlie  experiments  of  l)c  Luc,  however,  have  shown,  that  the  ratio 
of  expansion  does  not,  strictly^  keep  pace  with  the  actual  increments 
(•f  temperature;  and  that  the  amount  of  the  expansion  increases 
with  the  temperature.  Thus  if  a  given  quantity  of  mercury,  inl>c- 
ing  heated  from  32  to  122%  the  first  half  of  the  scale, be  expanded 
14  parts,  in  being  raised  from  122  to  212'-,  the  higher  half,  it  will 
be  expanded  15  parts. 

From  the  inquiries  of  Mr.  Dal  ton,  it  a)>pears  to  follow,  that  the 
irregularity  of  the  expansion  of  mercury  is  even  considerably 
K^^ater  than  haa  been  stattid  by  l)e  Luc.  By  the  common  mercurial 
<  hern  IOmeter,   we  cannot  ascertain  the  true  rate  of  expansion  in 
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quicksilver;  since  the  enlarged  capacity  of  the  glass^balU  in  which 
the  fluid  is  contained^  must  necessarily  afiect  the  result.  If  the  ca- 
pacity of  the  ball  remained  unaltered,  wc  should  then  be  able  to  de- 
termine the  actual  rate  of  expansion;  but  by  an  increase  of  tempe- 
rature its  capacity  is  enlarged,  and  space  is  thus  found,  within  the 
ball,  for  the  expansion  of  that  mercury,  which  would  otherwise  be 
driven  into  the  tube.  By  knowing  the  rate  of  expansion  in  glass 
itself,  we  can  correct  this  error ;  but  a  small  mistake  in  this  datum 
will  lead  us  considerably  wrong  as  to  the  true  expansion  of  quick- 
silver.  The  real  expansion  of  mercury  in  glass  is  greater  than  the 
apparent^  by  the  expansion  of  the  glass  itself. 

Making  due  correction  for  this  circumstance,  Mr.  Dalton  was 
led  to  conclude,  from  his  experiments,  that  notwithstanding  the 
apparent  diversities  of  expansion  in  different  fluids,  they  all  actu- 
ally expand  according  to  the  same  law,  viz.,  that  theguantity  ^car- 
pansion  is  as  the  square  of  the  temperature  from  their  respeetivefiteX' 
ingpointSj  or  from  their  points  of  greatest  density.  If  then  a  ther- 
mometer were  constructed,  with  degrees  corresponding  to  this 
law,  tiiey  would  be  found  to  differ  very  considerably  from  those  of 
the  common  mercurial  thermometer,  in.  which  the  space  between 
freezing  and  boiling  is  divided  into  180  equal  parts.  But  the  accu- 
racy of  the  principle,  on  which  this  proposed  modification  of  the 
thermometric  scale  is  founded,  has  not  been  confirmed  by  subse- 
quent experience. 

The  view  which  has  been  taken  by  Mr.  Dalton  of  the  thermome- 
ter, has  drawn  the  attention  of  Dr.  Urc*  and  of  MM.  Petit  and 
Dulong,t  to  the  same  subject.  The  former  concludes,  from  his 
experiments,  that  taking  three  thermometric  intervals  from  32* 
Fahr.  upwards,  each  of  180°,  mercury  has  actually  an  increasing 
rate  of  expansion,  and  that  60  parts  at  572°  arc  expanded  as  much 
by  the  same  power  of  caloric,  as  Gl  parts  at  392°,  and  62  parts  at 
212°.  But  this  small  difference,  he  observes,  is  compensated  by 
the  lessening  quantity  of  quicksilver  in  the  bulb  of  a  thermometer 
at  high  temperatures,  in  consequence  of  which  the  mercurial  ther- 
mometer becomes  a  true  measurer  of  sensible  heat.  Petit  and  Du- 
long,  also,  satisfied  themselves  that  the  expansibility  of  mercury 
slowly  increases  as  the  temperature  augments.  From  —  40^  to 
212°,  it  is  scarcely  appreciable,  and  corresponds  with  the  expan- 
sion of  air,  which  they  take  for  granted  to  be  perfectly  equable. 
The  following  Table  exhibits  the  dilatation  of  mercury  for  a  de- 
gree centigrade  at  the  various  temperatures  (all  centigrade^)  indi- 
cated in  the  first  column  of  the  table,  and  measured  by  an  sdr  ther- 
mometer. 

•  Phil.  Trani.  1818. 
f  Annals  of  Philus.  vol.  xiii. 

i  To  convert  ccntienulc  drgrcos  into  lliosc  of  Fahr.,  double  them«  then  de- 
duct onc-tunlh,  and  add  tlic  constant  number  32.    Thui  18^  centigrade  X  2  — 

36,  from  whicli  ^6  substractcd  leaves  32.4,  and  to  this  adding  32  wc  have  64.4 
Fahr. 
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Temp,  indicated 
Tenmenture  Expansion  of  by  the  ^latationi 

viui>«sui    .  Mercury.  of  the  mercury 

supposed  uniform. 

0^ 0        0.00 

100     -nVr 100.00 

200      j^^„ 204.61 

300      j^ 314.15 

Comparing  the  numbers  in  the  first  and  last  columns,  it  appears 
that  up  to  10^)%  the  mercurial  and  air  thermometers  give  the  same 
indications;  in  the  second  interval,  the  excess  of  the  former  over 
the  latter  is  4.61%  and  in  the  last  interval  it  increases  to  14.15  cen* 
tigrade  degrees. 

The  boiiing  point  of  mercury,  according  to  these  philosophers, 
is  680^  Fahr.,  or,  making  the  due  correction  for  the  expansion  of 
glass,  662°  of  Fahr.  scale.  The  experimental  result  of  Mr.  Crigh- 
ton  of  Glasgow,  was  656^. 

II.  Motion  of  Fret  Caloric. — 1.  Its  Radiation*  2.  Its  passage  through 

Solids  and  Fluids. 

Calorie  tjseapesfrom  bodies  in  tivo  different  7iw)(/m.—- Part  of  it  finds 
its  way  through  space,  independently  of  other  matter,  and  with 
immeasurable  velocity.  In  this  state  it  has  been  called  radiant 
heat,  or  radiant  caloric. 

Kadiam'  caloric  exhibits  several  interesting  properties. 

1.  Its  rr/icction,  (a)  Those  surfaces,  that  reflect  light  most  per- 
fectly, are  not  equally  adapted  to  the  reflection  of  caloric.  Thus, 
a  gla&s  mirror,  which  reflects  light  with  great  eflect  when  held  be- 
fore a  blazing  fire,  scarcely  returns  any  heat,  and  the  mirror  itself 
becomes  warm.  On  the  contrary,  a  polished  plate  of  tin,  or  a  sil- 
ver spoon,  when  similarly  placed,  reflects,  to  the  hand,  a  very  sen- 
sible degree  of  warmth ;  and  the  metal  itself  remains  cool.  Metals, 
therefore,  are  much  Initter  reflectors  of  caloric  than  glass;  and  they 
possess  this  projKrty  in  a  higher  degree,  in  proportion  to  the  per^ 
lection  with  which  they  are  polished. 

(6)  Caloric  is  reflected  according  to  the  same  law  that  regulates 
the  reflection  of  light.  This  is  proved  by  an  interesting  experi- 
ment of  M.  Pictet;  the  means  of  repeating  which  may  be  attained 
at  a  moderate  expense.  Provide  two  reflectors  of  planished  tin  (a 
and  6,  fig.  45),  which  may  be  twelve  inches  diameter,  and  segments 
of  a  sphere  of  nine  inches  radius.  Parabolic  mirrors  are  still  bet- 
ter adapted  to  the  purpose;  but  they  are  more  expensive.  Kach  of 
these  must  be  furnished,  on  its  convex  side,  with  the  means  of  sup- 
porting it  in  a  perpendicular  position  on  a  proper  stand.  Place  the 
mirrors  opposite  to  each  other  on  a  table,  at  a  distance  of  from  six 
to  twelve  feet.  Or  they  may  be  placed  in  a  horizontal  position,  as 
represented  in  the  wood-cut  given  at  page  81,  an  arrangement  in 
bome  respects  more  convenient.  In  the  locus  of  one,  let  the  ball  of 
an  air  theriuonieter,  c,  or  (which  is  still  better)  one  of  the  balls  of 
a  difici-ciitial  thermometer,  be  situated;  and  iu  that  of  the  othcfv 
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suspend  a  ball  of  iron,  about  four  ounces  in  weight,  and  heated  be- 
low ignition,  or  a  small  matrass  of  hot  water,  d^  having  previously 
interposed  a  screen  before  the  thermometer.  Immediately  on  with- 
drawing the  screen,  the  depression  of  the  column  of  liquid,  in  the 
air  thermometer,  evinces  an  increase  of  temperature  in  the  instru- 
ment In  this  experiment,  the  caloric  flows  first  from  the  heated 
ball  to  the  nearest  reflector;  from  this  it  is  transmitted,  in  parallel 
rays,  to  the  surface  of  the  second  reflector,  by  which  it  is  collected 
into  a  focus  on  the  instrument.  This  is  precisely  the  course  that  is 
followed  by  radiant  light;  for,  if  the  flame  of  a  taper  be  substituted 
for  the  iron  ball,  the  image  of  the  candle  will  appear  precisely  on 
that  spot  (a  sheet  of  paper  being  [)resentcd  for  its  reception)  where 
the  rays  of  caloric  were  before  concentrated. 

(c)  When  a  glass  vessel,  filled  with  ice  or  snow,  is  substituted 
for  the  heated  ball,  the  course  of  the  coloured  liquid  in  the  ther- 
mometer will  be  precisely  in  the  opposite  direction ;  for  its  ascent 
will  show,  that  the  air  in  the  ball  is  cooled  by  this  arrangement. 
This  experiment,  which  appears,  at  first  view,  to  indicate  the  re- 
flection of  cold,  presents,  in  fact,  only  the  reflection  of  heat  in  an 
opposite  direction ;  the  ball  of  the  thermometer  being,  in  this  in- 
stance, the  hotter  body.  ^  And  since  heat  emanates  from  l>odies 
in  quantities  greater  as  their  temperature  is  higher,  the  introduc- 
tion of  a  cold  body  into  the  focus  of  one  mirror,  necessarily  di- 
minishes the  temperature  of  a  thermometer  in  the  focus  of  the 
other,  in  the  same  manner  as  a  i)lack.  budy  placed  in  the  focus  of 
the  one  woidd  diminish  the  ciuanlity  of  lii^ht  in  the  focus  of  the 
other."  (Davy's  Clu:m.  Philos.  p.  2{)Ck) 

((/)  In  Mr.  Leslie's  **  Kn<]uiry  into  the  Nature,  &c.  of  Heat." 
a  variety  of  important  experimonls  are  detailed,  which  show  ihi* 
influence  of  covering  the  reflectors  willi  various  substances,  or  of 
mechanically  changing  the  nature  of  their  surfaces,  on  their  power 
of  reflecting  caloric. 

2.  Caloric  is  rffracfctfj  also,  according  to  the  same  law  that  regu- 
lates the  refraction  of  light.  This  inlcrosting  discovery  we  owe  to 
Dr.  Ilcrscht'll,  whose  experiments  and  apparatus,  however,  can- 
not be  understood  ^^  ithout  tlie  assistance  of  a  plate.  For  this  rea- 
son, I  refer  to  his  paper  in  tlie  9()lh\ol.  of  the  Philosophical  Trans- 
actions, or  in  Ihenh  vol.  of  the  lMiiloso|)hical  Magazine. 

.*>.  The  nature  of  the  aHtfacc  of  bodies  has  an  important  influence 
over  their  power  a^  radhttin..^  caloiic. 

To  exhibit  this  inlluenciexpiriineMlally,  ht  a  canister  of  planish- 
ed block  tin,  forming  a  rube  of  six  or  eiglil  inches,  be  provided, 
having  an  orifice  at  ihi'  middle  (jf  its  upper  side,  from  half  an  incli 
to  an  inch  diameter,  and  the  same  iiiiuighi.  Thisori«ice  is  intend- 
ed to  receive  a  caj)  havinic  a  small  hole,  thicjugh  which  a  thermo- 
meter is  inserted,  so  thai  its  Ijulb  may  naeh  ilie  centre  of  the  canis- 
ter. Ltrt  one  side  of  the  canister  l)i'  co\ei-ed  with  black  j)ainl  ;  de- 
stroy the  iM>lish  of  another  side,  b\  sc  ran  hing  it  with  sand-paper; 
taniish  a  third  with  <|uicksil\ei  ;  an<l  leave  the  fourth  bright.  Then 
fill  the  vessel  with  boiling  water.  The  radiation  «»i*i  alorit  fmm  the 
blackened  side  is  sAi  mut  h  moii  abundant  than  fiom  the  others,  a:- 
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to  be  even  sensible  to  the  hand.  Place  it  before  a  reflector  (fig.  45), 
in  lieu  of  the  heated  iron  ball  already  described.  The  thcrmometery 
in  the  focus  of  the. second  reflector,  will  indicate  the  highest  tem- 
perature, or  most  copious  radiation  of  caloric,  when  the  blackened 
side  is  presented  to  the  reflector;  less,  when  the  tarnished  or 
scratched  side  is  turned  towards  it ;  and  least  of  all,  when  the  po- 
Ilshed  side. 

Mr.  Leslie  showed,  also,  the  influence  of  the  inclination  of  a  sur- 
face, with  respect  to  a  given  direction  of  calorific  rays,  upon  the 
intensity  of  the  effect  produced ;  and  first  proved,  experimentally, 
that  the  action  of  a  radiant  surface  is  proportional  to  the  sine  of 
the  angle  formed  by  that  surface  with  the  direction  of  the  emitted 
ravs, 

4.  The  varieties  in  the  radiating  power  of  different  surfaces  are 
attended,  as  might  be  expected,  with  corresponding  variations  in 
the  ntie  of  cooling.  If  water  in  a  tin  vessel,  all  of  whose  sides  are 
polished,  cools  through  a  given  number  of  degrees  in  eighty-one 
minutes,  it  will  descend  through  the  same  number  in  seventy-two 
minutes,  if  the  surface  be  tarnished  with  quicksilver.  Water,  also, 
enclosed  in  a  clean  and  polished  tin  ball,  cools  about  twice  more 
slowly  than  water  in  the  same  ball  covered  with  oiled  paper. 
lUackening  the  surface  with  paint,  or  even  a  thin  coat  of  varuish, 
on  the  same  principle,  accelerates  greatly  the  rate  of  cooling. 
These  facts  teach  us,  that  vessels,  in  which  fluids  are  to  be  long 
kept  hot,  should  have  their  surfaces  brightly  polished ;  the  best 
reflectors  of  heat  being  the  worst  radiators.  The  superiority  of 
metallic  tea-pots,  for  instance,  over  those  of  earthenwiire,  depends 
on  the  superior  polish  of  their  surface,  and  the  manufacturers  of 
earthenware  now  increase  its  i)()Wcr  of  retaining  heat,  by  a  thin  film 
of  some  kind  of  pdlished  metal. 

5.  Radiant  heat  has  the  power  of  penetrating  and  pnssing  through 
iranspunnt  bodies,  such  as  plates  of  glass.  The  dull  heat  of  a  com- 
mon fire  is  transmitted,  according  to  Marlolte,  with  difficulty,  and 
the  heal  from  a  matrass  <>f  boiling  water  not  at  all.     De  Larochc 
has  shown  that  the  loss  of  heat,  transmitted  tlirough  glass  plates, 
is  hrss,  as  the  temperature  of  the  source  from  which  it  emanates  is 
more  elevated.  From  a  body  heated  to  182^,  only  -}-^  of  all  the  heat 
nniiied  passed  through  a  glass  screen;  from  one  at  34G^,  -^^  of 
the  whole;  and  from  one  at  1)00%  a  much  larger  proportion,  viz.  1, 
ap])eared  to  pass  throui^h  the  screen.     The  same  philosopher  as- 
certained, that  the  heat,  which  has  penetrated  through  a  plate  of 
vclass.  experiences,  in  its  passage  through  a  second  plate,  a  loss 
proportionally  much  smaller  in  amount.     lie  found,  also,  that  a 
thick  glass  screen,   thoui;Ii  more  permeable  by  light  than  a  thin 
one  of  inferior  quality,  allowed  much  less  radiant  heat  to  pass,  and 
that  the  difference  became  smaller  as  the  temperature  was  raised. 
In  all  these  cases,  it  is  supposed  that  the  screens  are  placed  at  equal 
distances  from  the  radiating  body;  for  otherwise  the  effect  will  be 
greatly  modified  by  that  well  established  law  of  radiant  heat,  ac- 
cording to  which  its   intensity  diminishes  in  proportion  to  the 
square  of  the  distance  from  its  source.  These  facts,  some  of  which 
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had  been  called  in  question,  have  been  fully  confirmed  by  Mr. 
Ritchie.  (Brewster's  Journal,  No.  xiv.  p.  350.) 

6.  Radiant  caloric  is  absorbed  with  diiferent  facilities  by  different 
surfaces.  This  is  only  stating,  in  other  terms,  that  surfaces  arc 
endowed  with  various  powers  of  reflecting  caloric ;  since  the  power 
of  absorbing  caloric  is  precisely  opposite  to  that  of  reflecting  it 
Hence  the  best  reflectors  of  heat  will  absorb  the  least.  It  may  be 
proper,  however,  to  offer  some  illustrations  of  the  principle  under 
this  form. 

(a)  Expose  the  bulb  of  a  sensible  thermometer  to  the  direct  rays 
of  the  sun.  On  a  hot  summer's  day  it  will  probably  rise,  in  this 
climate,  to  108°.  Cover  it  with  Indian  ink,  and  again  expose  it  in 
a  similar  manner.  During  the  evaporation  of  the  moisture  it  will 
fall;  but,  as  soon  as  the  coating  becomes  dry,  it  will  ascend  to  118^  ^ 
or  upwards,  of  Fahrenheit,  or  10®  higher  than  when  uncoverei 
with  the  pigment.  (Watson's  Essays,  v.  193.)  This  cannot  be 
plained,  by  supposing  that  the  black  coating  is  gifted  with 
power  of  retaining  caloric,  and  preventing  its  escape;  becaus«=, 
from  experiments  already  related,  it  appears  that  a  similar  coatii^h.  g 
accelerates  the  cooling  of  a  body  to  which  it  is  applied. 

(b)  Colour  has  considerable  influence  over  the  absorption  of  c  -si- 
loric.  This  is  shown  by  the  following  very  simple  experiment  ^of 
Dr.  Franklin.  

On  a  winter's  day,  when  the  ground  is  covered  •*'ith  snow,  taJ"^c 
four  pieces  of  woollen  cloth,  of  equal  dimensions,  but  of  differ^^nt 
colours,  fir.,  black,  blue,  brown,  and  white,  and  lay  them  on  t_  ^ic 
surface   of  the  snow,   in  the  immediate  neighbourhood  of  ca—    ch 
other.     In  a  few  hours,  the  black  cloth  will  have  sunk  considc  -^a- 
bly  below  the  surface;  the  blue  almost  as  much;  the  brown  c~     "^i- 
dently  less;  and  the  white  will  remain  precisely  in  its  former  sit^^ia- 
tion.     Thus  it  appears,  that  the  sun's  rays  are  absorbed  by  ^^c-hc 
dark-coloured  cloth,  and  excite  such  a  durable  heat,  as  to  melt  -^hc 
snow  underneath;  but  they  have  not  the  power  of  penetrating  "^thc 
white.    Hence  the  preference  generally   given  to  dark-colou  -^rcd 
clothes  during  the  winter  season,  and  to  light-coloured  one:»>      in 
summer,  appears  to  be  founded  on  a  sound  principle. 

(f)  This  experiment  has  been  varied  by  Sir  II.  Davy,  in  a  rtm.  din- 
ner which  may  be  repeated  at  any  reason  of  the  year.  Take  six-  si- 
milar pieces  of  sheet  copper,  each  about  an  inch  scjuare,  and  coL  <Jur 
the  one  white,  another  yellow,  a  third  red,  the  fourth  green,  "^^c 
fifth  blue,  and  the  sixth  black.  On  the  centre  of  one  side  of  e  S3ich 
piece,  put  a  small  portion  of  a  mixture  of  oil  and  wax,  or  ceri»^*^i 
which  melts  at  about  70"^.  Then  expose  their  coloured  surfa<^<-'*' 
under  precisely  equal  circumstances,  to  the  direct  rays  of  the  s  ^^' 
The  cerate  on  the  black  plate  will  begin  to  melt  perceptibly  bef^*^ 
the  red;  the  blue  next;  then  the  green  and  the  red;  and,  lastly,  t^^- 
yellow.  The  white  will  scarcely  be  aflectcd,  when  the  black  Is  ^^ 
complete  fusion. 

Caloric  passes,  also,  but  much  more  slowly,  through  solid  aX3" 
liquid  bodies,  which  are  then  termed  conductous  of  caloric. 

1.  Solid  bodies  convey  heat  in  all  directions,  upwards,  do^^  °" 


•  CONDUOTORS  OF  CALORIC.  99 

and  laterally;  as  may  be  shown,  by  healing  the  middle  of  an 
d,  and  holding  it  in  different  directions.  Professor  Pictet, 
by  concentrating  the  sun's  rays  upon  the  middle  of  a  rod  of 
kept  in  the  axis  of  a  glass  tube,  which  was  exhausted  by  the 
ip,  found  that  of  two  thermometers  in  contact  with  the  me- 
t  upper  one  indicated  a  quicker  elevation  of  the  mercury ; 
i  may  be  accounted  for  by  the  imperfection  of  the  vacuum, 
carrying  power  of  the  air  unavoidably  left  in  the  tube. 
me  bodies  conduct  caloric  much  more  quickly  than  others. 
'o  rods,  of  ec^ual  length  and  thickness,  the  one  of  glass,  the 
Tiron,  with  wax,  at  one  end  of  each  only;  and  then  apply 
the  uncoated  ends.  The  wax  will  be  melted  much  sooner 
le  end  of  the  iron  rod,  than  from  the  glass  one;  which  shows^ 
>n  conducts  heat  more  quickly  than  glass. 
the  different  metals  possess  very  different  powers  of  con- 
caloric.  An  approximation  to  the  degree  In  which  they 
this  property,  may  be  attained  by  the  following  method, 
ly  employed  by  Dr.  Ingenhouz.  Procure  several  solid  cy- 
or  rods,  of  the  same  size  and  shape,  but  of  different  me- 
ley  may  be  six  inches  long,  and  onie  4th  of  an  inch  in  diame- 
>at  them,  within  about  an  inch  of  one  end,  with  bees-wax, 
ing  them  into  this  substance  when  melted,  and  allowing  the 
g  to  congeal.  Let  an  iron  heater  be  provided,  in  which 
oles  have  been  drilled,  that  exactly  receive  the  clean  ends  of 
nders.  After  heating  it  below  ignition,  insert  the  cylinders 
places.  The  conducting  power  may  be  estimated  by  the 
)t  wax  coating  melted  from  each  in  a  given  time.  Accord- 
le  experiments  of  Dr.  Int^cnhouz,  the  metals  may  be  arrang- 
c  following  order:  Silver  possesses  the  highest  conducting 
next  gold;  then  copper  and  tin,  which  are  nearly  equal; 
ow  these,  plaiina,  iron,  steel,  and  lead,  which  are  greatly 
to  the  rest. 

■ctz  has  recently  given  tlie  following  table.  (Ann.  de  Ch.  et 
Lxxvi.  422.) 

the  Comparative  Conducting  Powers  of  the  Principal  Metals^ 
and  of  .some  Earthy  Bodies, 

jld  (greatest  conductinij  power)     -    -    -    -  1CMX),0. 

Ivcr - 973,0. 

atinum 981,0. 

mper 898,2. 

m         «>«  **5^« 

nc         363,0. 

n           303,9. 

;ad        179,G. 

arblc -    -    -  23,6. 

)rcelain 1^2,2. 

irlh  of  Bricks  and  Furnaces 11,4. 

:onducting  powers  of  bodies  have  been  investigated  by  M. 
>  witli  the  aid  of  an  instrument  contrived  by  him  for  the 
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purpose,  to  which  he  has  given  the  name  of  TTiermometer  of  Cm' 
tact.  In  its  simplest  form,  it  consists  of  a  conical  vessel  of  very 
thin  sheet  iron,  filled  with  mercury,  closed  at  its  circular  base  with 
very  thin  parchment.  A  thermometer,  whose  bulb  is  plunged  into 
the  mercury,  indicates,  at  each  instant,  the  temperature  of  the  li- 
quid mass.  By  means  of  the  flexible  bottom  oi  the  cone,  exact 
contact  is  made  with  a  support  placed  under  it,  and  kept  at  a  given 
temperature,  such  as  that  of  an  apartment.  When  the  conducting 
power  of  any  substance  is  to  be  tried,  a  small  circular  disc,  of  the 
same  size  as  the  base  of  the  cone,  cut  out  of  the  substance  to  be 
tried,  may  be  interposed  between  the  flexible  bottom  and  the  sup- 
port. The  mercury  is  first  heated  to  a  given  temperature  (generally 
toirG^  F.),  and  the  rates  of  cooling,  during  equal  intervals,  are 
carefully  noted  down.  If  we  replace  the  disc  by  another  of  a  differ^ 
ent  material,  and  again  observe  the  descent  oi  the  thermometer  in 
equal  times,  the  rate  of  cooling  will  be  found  to  differ  materially, 
however  thin  the  plate  which  has  been  inteq)osed ;  for  instance,  a 
piece  of  the  finest  paper  will  occasion  a  sensible  difference.  Varying 
the  material  of  the  interposed  plates,  produces  very  striking  va- 
rieties in  the  ratio  of  cooling,  and  establishes  a  g^eat  difference  of 
conducting  power  between  calico,  linen,  flannel,  and  woollen  cloth. 
The  circumstance  on  which  the  efficacy  of  the  instrument  seems 
to  depend,  is  the  close  contact  eifected  by  means  of  the  flexible 
bottom ;  and  the  results  are  obtained  with  the  greatest  ease,  either 
by  employing  thin  plates,  or  by  placing  the  instrument  containing 
the  healed  mercury,  on  a  mass  of  any  substance  whose  conducting 
power  it  is  desired  to  know.  In  equal  intervals  of  timr.  fur  exam- 
ple, not  exceeding  five  minutes,  the  mercury  cools  with  very  difler- 
ent  velocities,  l)y  placing  ii  first  on  iron,  then  on  sand-stuno,  then 
on  l)ricks,  and  lastly  on  wood.  The  efi'cct,  it  is  acknowledi^rd  by 
1\I.  Fourier,  is  a  complicated  on",  and  rofjuires  attention  to  some 
other  rircumstanceh,  especially  to  the  specific  heat  of  the  body  un- 
der trial,  for  which,  due  correction  must  be  made,  in  another 
instrument,  which  he  also  describes  under  ihe  name  of  77/ rwiO- 
scopc  uf  Contact^  the  specific  heals  of  bodies  do  not  share  in  ihc  ef- 
fects; hut  this  instrument,  beinj^  of  a  more  complicated  construc- 
tion, cannot  be  undcrsto<jd  without  lelerencc  to  the  i)laie,  (Sec 
Ann.  de  Cliim.  ct  de  Phys.  xxxvii.  i31)l.)  IJy  the  first  instrument, 
however,  a  j;real  variety  of  curiuus  facts  have  been  ascertained, 
which  could  not  have  been  anticipated  a  priori.  M.  Ft)urier  finds, 
for  instance,  that  when  several  discs  of  difierent  conducting  sul>- 
stances  ure  placed  under  the  cone,  the  order  in  which  they  are  ar- 
rani^ed  causes  a  material  difi'erence  in  the  conducting  powers  of  the 
axi<rei;aies. 

It  is  cliieily  o^^in,l;to  the  diflerent  conduclini^  ])Owers  of  bodies, 
that  they  aliect  us,  when  we  touch  them,  with  diiVerenl  sensations 
of  heat  or  cold.  Thus,  if  we  apply  the  haiul  in  succession  to  a 
number  of  bodies  (as  a  piece  of  wood,  another  of  marl)le,  Sec), 
they  ajiprar  cold  in  very  dillVrenl  <leji;recs.  And  as  this  sensation 
is  occasioned  by  the  pas';ai;e  of  caloric  out  of  the  hand  into  the 
body  which  it  touches,  that  botly  will  feel  the  coldest  which  carries 


at  the  most  quickly;  or  which,  in  other  words,  is  the  best 
Dffb  For  the  same  reason,  of  two  bodies  which  are  heated 
■M  degree,  and  both  considerably  aboTe  the  tdfaiperature 
nd,  the  best  conductor  is  the  hottest  to  the  touch.  Thus 
ef  iii  onr  pockets  often  feels  hotter  than  the  clothes  which 
It 

(■id  and  ai^orm  bodies  convey  heat  on  a  different  princi- 
I  that  obsenred  in  solids,  txasi;,  by  an  actual  change  UtAe 
i  of  their  particles.  That  portion  of  the  fluid,  wluch  is  nMr- . 
e  source  of  heat,  is  expanded,  and  becomfaig  specificaJijr 
aacends,  and  is  replaced  by  a  colder  portion  /rom  ubinL 
.its  tnn^  becomes  heated  and  dilated,  and  jg^ves  way  t^ 
yotUt  portion;  and  thus  the  process  goes  on,  as  long  as  ^jf 
mdUe  of  imbibing  heat 

Un  a  glass  tube,  eight  or  ten  inches  long,  and  aboit  ui 
liaaeter*  Pour  into  the  bottom  part,  for  about  the  de|ft  , 
Jiy  a  little  water  tinged  with  litmusi  and  then  fill  up  the 
!i  common  water,  pouring  on  the  latter  extremely  gently, 
keq>  the  two  strata  quite  distinct.  If  the  upper  part  of  tnla 
irst  Jieated,  the  coloured  liquor  will  remain  at  the  bottom; 
e  tnbe  be  afterwards  heated  at  the  bottom,  the  infusion  win 
■d  will  tin^  the  wJbole  mass  of  fluid. 
Aon  cylindrical  glass  jar,  four  inches  diameter,  and  twelve 
Bcmdeep,  let  a  circular  piece  of  ice  be  fitted  S^  Inches  thick,  g 
■tiher  leis  diameter  than  the  jar.  Or  water  may  be  poured 
I  jar  to  the  depth  of  3|  inches,  and  allowed  to  congeal  by 
e  to  a  freezing  atmosphere,  or  by  surrounding  it  with  a 
of  snow  and  salt.  The  ice  is  to  be  secured  in  its  place  by 
I  of  wood,  crossing  each  other  like  two  diameters  of  a  cir- 
it  right  angles  to  each  other.  Pour,  over  the  cake  of  ice, 
'  SS?  temperature,  to  the  depth  of  two  inches;  and  on  its 
ettliere  float  a  shallow  circular  wooden  box,  perforated  with 
From  the  cock  of  a  tea-urn,  filled  with  boiling  water,  and 
)  that  its  spout  may  be  above  the  top  of  the  jar,  suspend  a 
of  moistened  threads,  the  lower  ends  of  which  must  rest 
oriace  of  the  box.  By  this  arrangement,  when  the  cock  is 
the  hot  water  will  trickle  down  the  threads,  and  will  have 
considerably  broken.  It  will  then  spread  over  the  surface 
9X|  and  pass  through  the  perforated  holes  to  the  cold  water 
I  over  which  it  will  float  without  mixing  with  it.  Let  the 
ins  completely  filled  with  hot  water.  The  ice  will  remain 
d  for  several  hours  at  the  bottom  of  the  vessel.  v'\ 

U  a  similar  jar  with  hot  water;  and,  having  provided  a  cake 
vf  equal  size  with  the  former  one,  let  it  be  placed  on  the 
of  the  water.  In  about  three  minutes,  the  whole  will  be 
Both  these  experiments  are  more  striking,  if  the  water, 
*  fMrming  the  cakes  of  ice,  be  previously  coloured  with  lit* 
ff  in  the  latter  experiment,  the  descending  currents  of  cold 
re  thus  made  strikingly  apparent 

beae  experiments  may  be  varied,  by  freering,  in  the  bottom 
e  one  inch  wide,  a  portion  of  water,  about  two  inchee  in 
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depth.  Then  fill  the  tube  with  water  of  the  common  temperature, 
and  hold  it  inclined  over  an  Arj:jand*s  lamp,  so  that  the  upper  por- 
tion only  of  the  tube  may  be  heated.  When  thus  disposed,  the 
water  may  be  made  to  boil  violently  at  the  surface,  and  yet  the  ice 
will  not  be  melted.  But  if  the  experiment  be  reversed,  and  (the  ice 
floatinj^  on  the  surface)  heat  be  applied  to  the  bottom  of  the  tube, 
the  ice  will  be  liquefied  in  a  few  seconds. 

(«)  Substituting  water  of  the  temperature  of  41°  for  the  boiling 
water  used  in  experiment  (c).  Count  Rumford  found,  that,  in  a  given 
time,  a  much  greater  quantity  of  ice  was  melted  by  the  cooler  water. 
This  appears,  on  first  view,  rather  paradoxical.  The  fact,  how- 
ever, is  explained  by  a  remarkable  property  of  water,  I'ir.,  that 
when  cooled  below  40°  it  ceases  to  contract,  and  experiences,  on  the 
contrary,  an  enlargement  of  bulk.  Water,  therefore,  at  40°  (at  the 
bottom  of  which  is  a  mass  of  ice  at  32"-),  is  cooled  by  contact  with 
the  ice,  and  is  expanded  at  the  same  moment.  It  therefore  ascends, 
and  is  replaced  by  a  heavier  and  warmer  portion  from  above. 

It  is  in  consequence  of  the  same  property  that  the  surface  of  a 
deep  lake  is  sometimes  sheeted  over  with  ice,  even  when  the  water 
below  is  only  cooled  to  40°;  for  the  superficial  water  is  specifically 
lighter  than  the  warmer  water  beneath  it,  and  retains  its  place,  till 
it  is  changed  into  ice.  This  property  of  water  is  one  of  the  most 
remarkable  exceptions  to  the  law,  that  bodies  are  expanded  by  an 
increase,  and  contracted  by  a  diminution,  of  temperature. 

From  these  facts.  Count  Rumford  concluded,  that  water  is  a  per- 
fect non-conductor  of  caloric,  and  that  it  propagates  caloric  in  one 
direction  only,  viz.^  upwards,  in  consrqiicnrc  of  the  motions  which 
it  occasions  among  the  particles  of  Ihc  tluid. 

The  Count  inferred  also,  that  if  these  motions  could  be  suspt^rul- 
ed,  caloric  would  cease  to  pass  through  water;  and,  ^^ilh  the  \i'.'n- 
of  deciding  this  queslioiu  he  made  ihe  lollov.  ini;  expcrimevits,  ^\  hieh 
admit  of  being  easily  re])ealed.  (See  his  Tth  I'.ssay  on  Heat,  Svo. 
irOr.)  A  cylindrical  tin  vessel  must  previt)usly  l)e  provided,  iwci 
inches  in  diameter,  and  ^21  inches  di'ep,  haNini^  a  nioveable  rovj-r, 
perforated  with  a  small  ai)erture,  for  iransmiiiing  ihe  stem  of  a 
thermometer,  which  is  to  be  inserted  so  that  its  bulb  may  occu])y 
the  centre  of  the  vessel. 

(/)  rill  this  vessel  with  water  of  the  temperature  of  the  atmo- 
sphere; let  the  cover  be  j)ut  in  its  ])lace;  and  let  the  vhole  appara- 
tus, except  the  scale  of  the  thermometer,  Im'  immersed  in  water, 
which  is  to  be  kept  Ixiiling  over  a  lamp.  ()!>si'r\e  how  lout;;  a  time 
is  required  to  raise  the  water  from  its  temjieralure  at  the  outset  to 
180°,  and  remove  it  from  its  siniation.  Note,  :ils«>,  how  louj  it 
takes  to  return  to  its  former  temperature. 

(ir)  Repeat  the  experiment,  having  previously  dissolved  in  the 
water  J20()  i;rains  of  common  starch.  Th»»  thermometer  will  now 
require  about  half  as  long  again  to  arrive  at  the  same  temperature. 
A  similar  retardation,  and  to  a  L^ri^ater  amount,  is  produced  by  tlie 
mixture  of  fur,  eider-down,  coiton-wool,  and  various  oilier  su*>- 
stances,  which  are  not  chemically  soluble  in  water,  and  which  can 
diminish  its  conducting  power  in  no  other  way  than  by  obstructing 
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the  niollon  of  its  particles.  The  same  substances  retard  the  pro- 
pagation of  heat  throuj«;h  air  also,  by  preventinjj  the  movement  of 
its  particles  among  each  other.  In  general,  the  lighter  the  non-con- 
ductor, as  to  %veight,  the  better  does  it  act  as  an  envelope  to  retain 
heat,  and  hence,  the  better  is  it  adapted  to  the  purpose  of  winter 
clothing.  Air  thus  confined  in  small  cells,  appears  to  be  a  very  slow 
conductor  of  caloric. 

The  inference,  however,  respecting  the  complete  non-condncting 
power  of  water,  has  been  set  aside  by  the  subsequent  inquiries  of 
Dr.  Thomson  and  the  late  Dr.  John  Murray,  of  Edinburgh,  espe- 
cially by  a  most  decisive  experiment  of  the  latter.  To  establish 
the  conducting  power  of  water,  it  was  justly  deemed  indispensable^ 
that  caloric  should  be  proved  to  be  propagated  through  that  fluid 
downwards.  This,  on  actual  trial,  it  appeared  to  be;  but  it  was  ob- 
jected, that  the  sides  of  the  containing  vessel  might  be  the  conduct- 
or. To  obviate  this  objection.  Dr.  Murray  contrived  to  congeal 
water  into  the  form  of  a  jar,  capable  of  holding  liquids.  This  was 
separately  filled  with  linseed  oil  and  with  mercury.  At  a  proper 
distance  below  the  surface,  the  bulb  of  a  thermometer  was  placed; 
and  on  the  surface  of  the  liquid  rested  a  flat  iron  vessel,  containing 
boiling  water.  Under  these  circumstances,  the  thermometer  in- 
variably rose;  and  though  it  ascended  only  a  very  few  degrees,  yet 
it  must  l>e  recollected,  that  the  cooling  power  pf  the  sides  of  the 
vessel  would  effectually  prevent  any  considerable  elevation  of  tem- 
perature. This  experiment,  in  conjunction  with  others,  decisively 
proves  that  water  is  a  conductor,  though  a  slow  or  imperfect  one, 
of  caloric 


SECTION  III. 

Caloric  the  Cause  of  Liquidity. 

Almost  every  solid  is  capable  of  j)assing  to  the  fluid  state  on  the 
application  of  a  suflicicnt  degree  of  heat,  which  is  not  the  same  for 
all  solids,  but  differs  for  each.  In  many  solids  the  transition  to  the 
liquid  form  is  sudden,  while  others  pass  through  various  stages  of 
liquidity,  before  they  become  completely  fluid.  The  metals  and  ice 
arc  examples  of  the  first,  and  wax  or  tallow  of  the  second  kind  of 
Twiucfaction.  In  the  former,  it  is  more  easy  to  determine  what  has 
been  called  the  fui/ing  or  mcHiiv^  pointy  which  is  constant  in  the 
same  solid. 

All  fluids,  with  the  exception  of  chloride  of  azote,  protochloride 
of  carbon,  sulphuret  of  carl)on,  and  alcohol,  are  capable  of  being 
solidified  by  reducing  their  temperature.  When  the  natural  form 
of  a  body  is  that  of  u  liciuid,  and  it  only  occasionally  assumes  the 
solid  form,  we  call  the  temperature  at  which  it  is  solidified,  or  at 
which,  when  solid,  it  begins  to  melt,  the  freezing  or  congealing 
poini;  and  this  is  also  constant  in  tlic  same  liquidi  but  different  in 
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various  liquids,  as  will  more  clearly  appear  from  the  following  ex- 
amples. 

L  The  temperature  of  mdtijis;  mow,  or  ofthaunns^  ice,  is  uniform- 
bf  the  simic  at  all  tiinen^  and  in  all  places, — This  may  be  ascertained 
by  the  ihcniiomeler,  which  will  always,  when  immersed  in  liciuefy- 
injj  ice  or  snow,  point  to  32®  of  Fahrenheit,  whatsoever  may  be  thc^ 
height  of  the  barometer,  or  the  elevation,  above  the  sea,  of  thcplac^ 
where  the  experiment  is  made.  (Shuckburgh,  Philosophical  Trans — 
actions,  Ixix.) 

II.  The  sensihle  heafj  or  temperature  of  ice^  of  32  Faht.  t*  7to29 
chofiged  hi/  llqvefaclioiu — A  thermometer  \n  pounded  ice  stands  : 
32%  and  at  the  very  same  point  in  the  water  which  results  froi 
the  liquefaction  of  ice;  care  beintj,  of  course,  taken  to  observe  ihe^ 
temperature  of  the  water,  at  the  moment  when  the  last  portion  oS 
ice  has  been  liquefied. 

III.  Yet  ice^  (luring  liquefaction,  mvst  absorb  much  caloric. — Ex — 
pose  a  pound  of  water  at  3^2\  and  a  pound  of  ice  at  32%  in  a  roonv^ 
the  temperature  of  which  is  several  degrees  above  the  freezinj^ 
point,  and  uniformly  the  same  during  the  experiment.    The  watei — 
will  arrive  at  the  temperature  of  the  room,  several  hours  before^ 
the  ice  is  melted ;  and  the  ice,  when  first  melted,  will  exhibit,  as  be — 
fore  its  liquefaction,  the  temperature  of  32®.    Yet  the  ice,  durinjj 
the  whole  of  this  time,  must  have  been  imbibing  caloric,  because^ 
(according  to  Experiment  IV.  §  2.)  a  colder  body  can  never  be  in 
contact  with  a  warmer  one,  without  receiving  caloric  from  it.  The 
caloric,  therefore,  which  has  entered  the  ice,  but  is  not  to  be  found 
in  it  by  the  ihcniionutcr,  is  said  to  have  bcrmne  latent.  As  it  is  the 
cause  of  th<^  liquefaction  of  the  ice,  il  is  sonictinies  called  caloric  (f 

fUdillty^  or  coiiniitucnt  ra/oric. 

IV.  T.'te  quantitij  of  ntl trir  tliat  entire  into  a  pon.xd  of  ice,,  and  lie- 
cmncs  Intent,  dnrinu;  llq'fff'rfint)^  uutij  he  harnrdby  e.rpirinient, — To 
a  pound  of  walcr,  at  17  I  \  iv\d  a  pound  of  ice  at  iVl',  The  lempe- 
raiuro  will  not  be  tlie  arithnieti(  ul  mean  ^1()'2  },  but  much  below  it, 
viz.  .V2^  All  the  e::cpss  of  culorir  in  the  hot  wiiler  has  therefore 
disaj)peared.  Troin  \72'  take  ."'2';  tin*  remainder,  140 \  shows  the 
(luauiity  of  calorie  that  enters  into  a  ])Oun(l  of  ice  during  litiuefac- 
tion;  that  is,  as  much  caloric  is  absorbed  by  a  pound  of  ice,  during 
its  conversion  inio  water,  as  would  raise  a  pound  of  water  from  32 

to  ir2^ 

It  is  from  th**  property  of  its  uniformly  absor])ing  the  same 
quantity  of  culoric  for  < Diiversioii  into  uaier,  that  ice  was  applied, 
by  La\oisier  and  LapUu.e,  to  the  adnicasurenienl  of  the  heat  ev(>lv- 
ed  in  certain  oj)eratio!is.  Lri  us  stjppose  tht^  body  ;froni  which  the 
caloric.  e\olvf(i  cither  by  simple  cuolini^  or  coinI)U.>Uon,  is  to  be 
measured,)  to  be  incl()se(l  in  a  hollow  sphere  of  ice,  with  an  opening 
at  the  boiiom.  When  thus  placed,  the  heat  which  is  j^^ivrn  out  will 
be  all  cmj)loye<l  in  meliiri;;  the  ice;  and  will  pnxluce  li(piefaction 
in  direci  proportion  to  the  (juantity  of  heat  evolved.  Ileiice  the 
(piantity  of  ice,  whit  h  is  con\erie(l  into  water,  will  be  a  measure 
of  the  caloric  that  is  separated  from  the  body  submitted  to  experi- 
ment.    In  this  way,  Lavoisier  ascertained  that  equal  weights  of 
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different  combustible  bodies  melt,  by  burning,  very  difTerent 
i^eights  of  ice.  The  apparatus  which  he  employed  for  this  pur- 
pose he  has  called  the  calorimeter.  Its  construction  can  scarcely 
be  understood  without  the  plate,  which  accompanies  the  descrip- 
tion in  his  **  Elements  of  Chemistry ;"  and  I  consider  it  unneces- 
sary to  copy  it  into  this  work,  because  the  instrument  is  liable  to 
several  causes  of  fallacy,  which  render  it  quite  inadequate  to  the 
accurate  measurement  of  heat. 

V.  Hie  heat  rendered  latent  by  the  fusion  of  various  bodies  is  not 
a  constant  quantity^  but  various  for  each  individual  body.  This  is 
shown  by  the  following  results  of  the  experiments  of  the  two 
Drs^" 


Caloric  of  Do.  reduced  to  the 

fluidUty.  sp.  heat  of  water. 

Sulphur     .  -  -  MS-GS**  Fahr.     -    -    -    -  27.14 

Spermaceti  -  -  145 

Lead      -    -  -  -  162 5.f^ 

Bees-wax   -  -  -  175 

Zinc      -    .  .  -  493  -    ^ 48.3 

Tin 500 33. 

Bismuth     -  -  -  550 23.25 

All  the  bodies  enumerated  in  the  table,  require,  it  may  be 
obser^-ed,  more  caloric  to  bring  them  into  a  fluid  state  than  is 
necessary  to  convert  ice  into  water,  for  which  140^  are  sufficient. 

VI.  Other  exmnples  of  tlie  absorption  of  caloric^  during  the  lique- 
faction of  bodies^  are  furnished  by  the  mixture  of  snow  and  nitric 
acid,  or  of  snow  and  common  salt,  both  of  which,  in  common 
language,  produce  intense  cold. 

1.  Dilute  a  portion  of  nitric  acid  with  an  equal  weight  of  water ; 
and,  when  the  mixture  has  cooled,  add  to  it  a  quantity  of  light 
fresh-fallen  snow.  On  immersing  the  thermometer  in  the  mixture, 
a  very  considerable  reduction  of  temperature  will  be  observed. 
This  is  owing  to  the  absorption  and  intimate  fixation  of  the  free 
caloric  of  the  mixture  by  the  liquefying  snow. 

2.  Mix  quickly  together  equal  weights  of  fresh-fallen  snow  at 
32^,  and  of^  common  salt,  cooled,  by  exposure  to  a  freezing  atmo- 
sphere, down  to  32^.  The  two  solid  bodies,  on  admixture,  will 
rapidly  liquefy;  and  the  thermometer  will  sink  32°,  or  toO;  or, 
according  to  Sir  C.  filagden,  to  4^  lower.  (Philosophical  Transac- 
tions, IxxviiL  281.)  To  understand  this  experiment,  it  must  be 
recollected  that  the  snow  and  salt,  though  at  the  freezing  tempera- 
ture of  water,  have  each  a  considerable  portion  of  uucombined 
caloric  Now  salt  has  a  strong  affinity  for  water ;  but  the  union 
cannot  take  place  while  the  water  continues  solid.  In  order,  there- 
fore, to  act  on  the  salt,  the  snow  absorbs  all  the  free  caloric  required 
for  its  liquefaction ;  and,  during  this  change,  the  free  caloric,  both 
of  the  snow  and  of  the  salt,  amounting  to  32'',  becomes  latent,  and 
is  concealed  in  the  solution.  This  solution  remains  in  a  liquid 
ttatc  at  0,  or  4°  below  0  of  Fahrenheit ;  but,  if  a  greater  dqgree  of 
coU  be  applied  to  it,  the  t^tlt  separates  in  a  concrete  form. 

Vol.  I.  O 
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3.  Most  netltral  salts,  also,  during  solution  in  water,  absorb 
much  caloric;  and  the  cold,  thus  generated,  is  so  intense  as  to 
freeze  water,  and  even  to  congeal  mercury.  The  former  experi- 
ment, however,  (viz,  the  congelation  of  water,)  may  easily  be  re- 
peated on  a  summer's  day.  Add  to  32  drachms  of  water  11 
drachms  of  muriate  of  ammonia,  10  of  nitrate  of  potassa,  and  16 
of  sulphate  of  soda,  all  finally  powdered.  The  salts  may  he  dis- 
solved separately,  in  the  order  set  down.  A  thermometer,  put 
into  the  solution,  will  show,  that  the  cold  produced  is  at  or  below 
freezing ;  and  a  little  water,  in  a  thin  glass  tube,  being  immersed 
in  the  solution,  will  be  frozen  in  a  few  minutes.  Various  other 
freezing  mixtures  arc  described  in  Mr.  Walker's  papers  in  the 
Philosophical  Transactions  for  1787,  88,  89,  95,  and  1801.  Of 
these  the  table,  given  in  the  Appendix,  for  which  I  am  indebted 
to  the  obliging  communication  of  the  author,  contains  an  arranged 
abstract. 

4.  Crystallized  muriate  of  lime,  when  mixed  with  snow,  produ- 
ces a  most  intense  degree  of  cold.  This  property  was  discovered, 
some  years  ago,  by  M.  Lovitz,  of  St.  Petersburg,  and  has  been 
since  applied,  in  this  country,  to  the  congelation  of  mercury  on  a 
very  extensive  scale.  The  proportions  which  answer  best  arc 
about  equal  weights  of  the  salt,  finely  powdered,  and  of  fresh- 
fallen  and  light  snow.  On  mixing  these  together,  and  immersing 
a  thermometer  in  the  mixture,  the  mercury  sinks  with  great  rapidi- 
ty. For  measuring  exactly  the  cold  produced,  a  spirit  thermome- 
ter, graduated  to  50"  below  0  of  Fahrenheit,  or  still  lower,  should 
be  employed.  A  few  pounds  of  the  salt  are  sufficient  to  congeal  a 
large  mass  of  mercury.  By  means  of  13  pounds  of  the  muriate, 
and  an  equal  weight  of  snow,  Messrs.  Pepys  and  Allen  froze  3G 
pounds  of  quicksilver  into  a  solid  mass.  The  mixture  of  the 
whole  quantity  of  salt  and  snow,  however,  was  not  made  at  once, 
but  part  was  expended  in  cooling  the  materials  themselves. 

On  a  small  scale  it  may  be  sufficient  to  employ  two  or  three 
pounds  of  the  salt  Let  a  few  ounces  of  mercury,  in  a  very  thin 
glass  retort,  lie  immersed,  first  in  a  mixture  of  one  pound  of  each  ; 
and,  when  this  has  ceased  to  act,  let  another  similar  mixture  be 
prepared.  The  second  will  never  fail  to  congeal  the  quicksilver. 
The  salt  thus  exj)endcd  may  be  again  evaporated,  and  crystallized 
for  future  experiments. 

In  plate  iv.  fig.  42,  a  very  simple  and  cheap  apparatus  is  repre- 
sented, which  I  have  generally  employed  to  freeze  mercury.  The 
dimensions  will  be  given  in  the  description  of  the  plates.  (See  the 
Appendix.) 

The  reader,  who  wishes  for  further  particulars  respecting  ex- 
periments on  mercurial  congelation,  is  referred  to  the  Philosophi- 
cal Magazine,  iii.  76. 

VII.  (hi  the  contrary  J  liquids^  in  becammt^  aolid^  evolve  or  give 
out  caloric^  or^  in  common  language^  produce  heat. 

1.  Water,  if  covered  with  a  thin  stratum  of  oil,  and  kept  per- 
fectly free  from  agitation,  may  be  cooled  down  more  than  twenty 
degrees  below  30?  \  but,  on  shaking  it,  or  dropping  into  it  a  small 
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fragment  of  ice,  it  immediately  congeals,  and  the  temperature 
rises  to  3S^  (Blagden,  PhtL  Trans.  1788.) 

2.  Expose  to  the  atmosphere,  when  at  a  temperature  below 
freesing,  Tfor  example,  at  25^  of  Fahrenheit,)  two  equal  quantities 
of  water,  m  one  only  of  which  about  a  fourth  of  its  weight  of  com- 
mon salt  has  been  dissolved.  The  saline  solution  will  be  gradually 
cooled,  without  freezing,  to  4**.  The  pure  water  will  progressively 
descend  to  32%  and  will  there  remain  stationary  a  considerable 
time  before  it  congeals.  Yet,  while  thus  stationary,  it  cannot  be 
doubted  that  the  pure  water  is  yielding  caloric  to  the  atmosphere, 
equally  with  the  saline  solution;  for  it  is  impossible  that  a  warmer 
bodv  can  be  surrounded  by  a  cooler  one  without  imparting  caloric 
to  toe  latter.  The  reason  of  this  equable  temperature  is  well  ex- 
plained by  Dr.  Crawford.  (On  Heai^  p.  8a)  Water,  he  observes, 
during  freezing,  is  acted  upon  by  two  opposite  powers :  it  is  de- 
prived of  caloric  by  exposure  to  a  medium  whose  temperature  is 
below  32^ ;  and  it  is  supplied  with  caloric  by  the  evolution  of  that 

Srittciple  from  itself^  mz,  of  that  portion  which  constituted  its 
uidity*  As  these  powers  are  exactly  equal,  the  temperature  of 
the  water  must  remam  unchanged,  till  the  caloric  of  fluidity  is  all 
evolved. 

3.  The  evolution  of  caloric,  during  the  congelation  of  water, 
is  well  illustrated  by  the  following  experiment  of  Dr.  Crawford  t 
—Into  a  round  tin  vessel  put  a  pound  of  powdered  ice ;  surround 
this  by  a  mixture  of  snow  and  salt  in  a  larger  vessel ;  and  stir  the 
ice  in  the  inner  one  till  its  temperature  is  reduced  to  +  4^  of  Fah- 
renheiL  To  the  ice  thus  cooled,  add  a  pound  of  water  at  32^. 
One  5th  of  this  will  be  frozen;  and  the  temperature  of  the  ice  will 
rise  from  4^  to  32^.  In  this  instance  the  caloric,  evolved  by  the 
congelation  of  one  5th  of  a  pound  of  water,  raises  the  temperature 
of  a  pound  of  ice  28^ 

4.  If  we  dissolve  sulphate  of  soda  iii  water,  in  the  proportion 
of  one  part  to  five,  and  surround  the  solution  by  a  freezing  mixture, 
it  cools  gradually  down  to  31^  The  salt  at  this  point  begins  to 
be  deposited,  and  stops  the  cooling  entirely.  This  evolution  of 
caloric,  during  the  separation  of  a  salt,  is  exactly  the  reverse  of 
what  happens  during  its  solution.  (Blagden,  Philosophical  Trans- 
actions, IxxviiL  290.) 

5.  To  a  saturated  solution  of  sulphate  of  potassa  in  water,  or  of 
any  salt  that  is  insoluble  in  alcohol,  add  an  equal  measure  of  alco- 
hol The  alcohol,  attracting  the  water  more  strongly  than  the 
salt,  precipitates  the  salt,  and  considerable  heat  is  produced. 


SECTION  IV. 

Caloric  the  Cause  of  Vapour. 

L  Every  Hquid,  when  of  the  same  degree  of  chemical  puriiy^  and 

^mder  equal  areumstanees  of  atmospheric  pressure^  has  one  peculiar 

jocint  of  temperature^  at  which  it  invariably  6oti9.— Thus  pure  water 

^wayi  boils  at  212%  alcohol  of  sp.  gr.  a813,  at  173%  and  ether 
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at  96°,  Fahr. ;  and,  when  once  brought  to  the  boiling  point,  no 
liquid  can  be  made  hotter,  however  long  the  application  of  heat 
be  continued.  The  boiling  point  of  water  may  be  readily  ascer- 
tained, by  immersing  a  thermometer  in  water  boiling,  in  a  metallic 
vessel,  over  the  fire.  As  there  is  some  danger  in  applying  heat 
directly  to  a  vessel  containing  either  ether  or  alcohoU  the  ebullition 
of  these  fluids  may  best  be  shown  by  immersing  the  vessel  con- 
taining them  in  water,  the  temperature  of  which  may  be  gradually 
raised.  The  appearance  of  boiling  is  owing  to  the  formation  of 
vapour  at  the  bottom  of  the  vessel,  and  its  escape  through  the 
heated  fluid  above  it.  That  the  steam,  which  escapes,  is  actually 
formed  at  the  bottom,  and  not  at  the  top  of  the  water,  may  be 
seen  by  boiling  some  water  in  a  Florence  flask,  or  other  transparent 
vessel,  over  an  Argand's  lamp.  The  bubbles  of  vapour  wul  evi- 
dently ascend  from  the  bottom  of  the  vessel. 

A  few  exceptions  to  the  fixity  of  the  boiling  point  of  liquids, 
arising  chiefly  from  the  material  of  which  the  containing  vessel  is 
made,  have  been  stated  by  Gay  Lussac*  Under  a  mean  pressure, 
the  boiling  point  of  water  in  a  metallic  vessel  is  generally  212** ;  in 
a  glass  vessel  it  rises  as  high  as  216%  but  may  be  stated  on  an 
average  at  214°.  Even  in  the  same  glass  vessel  the  boiling  point  is 
found  to  vary  considerably.  This  appears  to  be  owing  to  some 
irregularity  in  the  formation  of  steam,  which  may  be  observed  to 
burst  forth  occasionally  in  larTO  bubbles,  the  escape  of  which  is  im- 
mediately followed  by  a  fall  of  the  thermometer.  If  iron  or  copper 
filings,  platinum  wire,  or  even  pounded  glass,  be  thrown  into  the 
glass  vessel  of  water  thus  heated,  steam  is  instantly  formed  in 
great  abundance,  and  the  boiling  point  is  immediately  lowered  two 
or  three  degrees.  By  putting  coils  of  wire  into  liquids,  heated  in 
glass  vessels  with  a  view  to  their  distillation,  they  are  made  to  boil 
quietly,  and  some  degrees  lower  than  they  would  otherwise  do. 
It  is,  of  course,  necessary  to  use  a  metal  which  is  not  acted  upon 
by  the  particular  fluid  under  distillation ;  platinum,  for  instance, 
when  we  operate  on  sulphuric  acid.  A  similar  change  of  the 
boiling  point,  by  the  presence  of  extraneous  substances,  has  been 
found  by  Dr.  Bostock  to  take  place  in  etli^r  and  alcohol.  Ether, 
heated  in  a  glass  vessel,  had  its  boiling  point  lowered  nearly  5(1** 
by  introducing  a  few  chips  from  a  cedar  pencil,  and  alcohol  of  s.  g. 
.849  had  its  boiling  point  reduced  by  the  same  means,  between 
30**  and  40"*.  The  boiling  point  of  water,  heated  in  a  glass  ves- 
sel, was  brought  down  4**  or  5^  by  the  same  method.  (Ann.  of 
Phil.  N.  S.  ix.  196.) 

II.  Steam  has  exact  it/  the  same  temperature,  as  fnyUing  tvattr. — 
Let  a  tin  vessel  be  provided,  having  two  holes  in  its  cover,  one  of 
which  is  just  large  enough  to  admit  the  stem  of  a  thermometer. 
Fill  it  partly  with  water,  and  let  the  bulb  of  the  thermometer  be 
an  inch  or  two  above  the  surface  of  the  water,  leaving  the  other 
aperture  oj>en  for  the  escape  of  vapour.  When  the  water  boils, 
the  thermometer,  surrounded  by  steam,  will  rise  to  212%  which  ti 

*  Ann.  de  Chim.  et  de  Phyt.  vji.  307,  or  Joum.  of  Science*  v.  361. 
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precisely  the  temperature  of  the  water  beneath ;  yet  water,  placed 
on  a  fire,  continues  to  receive  heat,  very  abundantly,  even  when 
boiling  hot ;  and  as  this  heat  is  not  appreciable  by  the  thermome- 
ter, it  must  exist  in  the  steam  in  a  latent  state.  With  saline  solu- 
tions, the  temperature  of  the  steam  arising  from  them,  is  the 
same  as  that  of  the  boiling  solution  itself.  (Ann.  Phil.  N.  S.  v.  75.) 
The  boiling  points  of  a  considerable  number  of  saturated  solutions 
are  cxhibitecl  in  the  form  of  a  Table  in  the  Quarterly  Journal  of 
Science,  xviii.  89. 

III.  Ftrftcthf  formed  steam  is  oompleiely  invisible. — We  may  sa* 
tisfy  ourteWes  of  this  by  boiling  strongly  a  small  quantity  of  water 
in  a  flask ;  for  perfect  transparency  will  exist  in  the  upper  part  of 
the  vessel.  It  is  only  when  it  begins  to  be  condensed,  that  steam 
l^ecomes  visible.  We  have  a  proof  also  of  the  same  fact  in  the 
thick  fogs  which  are  produced  by  a  sudden  transition  from  warm 
to  cold  weather ;  the  vapour,  which  was  imperceptible  at  the  high 
temperature,  being  condensed  and  rendered  visible  by  the  lower* 

The  perfect  transparency  of  steam,  and  also  two  other  import- 
ant properties  on  which  depends  its  use  as  a  moving  power,  viz. 
its  elasticity  and  its  condensibility  by  a 
reduced  temperature,  are  beautifully 
shovm  by  a  little  apparatus  contrived  by 
Dr.  Wollatton,  of  which  a  sketch  is  an- 
nexed. It  consists  of  a  glass  tube  about 
6  inches  long  and  I  inch  bore^  as  cylindri- 
cal as  possible,  and  blown  out  a  little  at 
the  lower  end.  It  has  a  wooden  handle, 
to  which  is  attached  a  brass  clip  embrac- 
ing the  tube;  and  within  is  a  piston, 
which,  as  well  as  its  rod,  is  perforated, 
as  shown  by  the  dotted  lines.  This  canal 
may  be  occasionally  opened  or  closed  by 
a  screw  at  the  top ;  and  the  piston  rod  is 
kept  in  the  axis  of  the  cylinder  by  being 
passed  through  a  hole  in  a  piece  of  cork 
fixed  at  the  top  of  the  tube.  When  the 
instrument  is  used,  a  little  water  is  put 
into  the  bottom ;  the  piston  is  then  intro- 
duced with  its  aperture  left  open;  and  the 
water  is  heated  over  a  spirit  lamp.  The  common  air  is  thus  ex- 
p^'llcd  from  the  tube,  and  when  this  may  be  supposed  to  be  effected, 
the  aperture  in  the  rod  is  closed  by  the  screw.  On  applying  heat, 
steam  is  produced,  which  drives  the  piston  upwards.  On  immers- 
ing the  bulb  in  water,  or  allowing  it  to  cool  spontaneously,  a  va- 
cuum it  produced  in  the  tube,  and  the  piston  is  forced  downwards 
by  the  weight  of  the  atmosphere.  These  appearances  may  be  al- 
ternately nroduced,  by  repeatedly  heating  and  cooling  the  water  in 
the  ball  of  the  instrument.  In  the  original  steam  engine,  the  vapour 
"Was  condensed  in  the  cylinder,  as  it  is  in  the  glass  tube ;  but  in  the 
engine  as  improyed  by  Mr.  Watt,  the  steam  is  pumped  into  a  se- 
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parate  vessel  and  there  condensed ;  by  which  the  loss  of  heat^  oc- 
casioned 6y  cooling  the  cylinder  every  time,  is  avoided. 

IV.  TTie  boiling  point  of  the  same  fluid  varies,  under  different  de- 
grees of  atmospheric  pressure j^-Thus  water,  which  has  been  remov- 
ed from  the  fire,  and  has  ceased  to  boil,  has  its  ebullition  renewed 
when  it  is  placed  under  a  receiver,  the  air  of  which  is  quickly 
haustcd  by  an  air  pump.  Alcohol  and  ether,  confined  under  a 
exhausted  receiver,  boil  violently  at  the  temperature  of  the  atm 
sphere.  In  general,  liquids  boil  in  vacuo,  with  about  124^  less 
heat,  than  are  required  under  a  mean  pressure  of  the  atmosphe 
(Black's  Lectures,  L  151.)  water,  therefore,  in  a  vacuum,  must  be 
at  88^,  a.nd  alcohol  at  49^  Fahr.  Even  the  ordinary  variations 
the  weight  of  the  air,  as  measured  by  the  barometer,  are  suffici 
to  make  a  difference  in  the  boiling  point  of  water  of  several  de 
between  the  two  extremes,*  as  shown  in  the  following  table. 


Height  of 
Barometer. 


Boiling  point 
of  water. 


26 204.91** 

26.5 205.79 

27 206.67 

27.5 207.55 

28 208.43 

28.5 209.31 


Height  of 
Barometer. 


BoiCng 
of  waiter*. 


^nt 


29 2iai9^ 

29.5 211-07 

30 212 

30.5 212.88 

31 213,76 


On  ascending  considerable  heights,  as  to  the  tops  of  mounta'S  ns, 
the  boiling  point  of  walcr  gradually  falls  on  the  scale  of  the  tl^'^er. 
momctcr.     Thus  on  the  summit  of  Mont  Blanc,  water  was  fo  ^^nc/ 
by  Saussurc  lo  boil  at  187°  FahrenheiU     On  this  fact  is  fouikrle</ 
the  use  of  the  thermometer  in  the  measurement  of  heights,  whic:/i, 
though  originally  suggested  by  Fahrenheit,  has  only  within    the 
few  last  years  been  made  conveniently  practicable,  by  the  invention 
of  a  iherniomelcr,  adapted  to  the  purpose,  by  the  Rev.  Mr.  Wol- 
laston.    (Phil.  Trans.,  1817.)  Without  entering  into  minute  detai/s, 
it  would  not  he  possible  to  give  a  clear  idea  of  the  instrument  It 
may  l)e  suflicient  to  state,  that  each  degree  about  the  boiling  poiii 
is  made  to  occupy  a  space,  that  admits  of  being  distinctly  divide 
into  1000  parts.     And  as  each  degree  of  Fahrenheit  is  equivalent  l 
0.589  of  an  inch  of  the  barometer,  which  indicates  an  elevation  o 
550  feet,  it  follows  that  one  thousandth  part  of  a  degree  will 
ccjuivalent  to  a  difference  in  height  of  about  six  inches.  In  fact,  th 
height  of  a  common  table  produces  a  manifest  difference  in  ih* 
boiling  point  of  water,  as  ascertained  by  this  very  sensible  instru- 
ment. 

The  influence  of  a  diminished  pressure,  in  causing  ebullition  t 
take  ])lace  at  a  lower  temperature,  may  also  be  illustrated  by  tb^ 
following  simple  experiment: — Place  over  a  lamp  a  Florence  fltslu 
about  three-fourths  filled  with  water ;  let  it  boil  briskly  during  s^ 
few  minutes;  and,  immediately  on  removing  it  from  the  lamp,  corf  ^ 


•  Sir  G.  Shuckburgh,  in  Philosophical  TraoMCtions,  hoi?:.  375,  and  Geo. 
in  ditto»  IxviL  W* 
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htly,  and  suddenly  invert  it.  The  water  will  now  cease  to  boil ; 
Dn  cooling  the  convex  part  of  the  flask  by  a  stream  of  cold  wa- 
ht  boiling  will  be  renewed.  Applying  boiling  water  from  the 
t  of  a  tea-kettle  to  the  same  part  of  the  flask,  the  water  will 
1  cease  to  boil.  This  renewal  of  the  ebullition,  by  the  applica- 
of  cold  (an  apparent  paradox),  is  owing  to  the  formation  of  an 
rfect  vacuum  over  the  hot  water,  by  the  condensation  of  steam; 
:he  suspension  of  boiling,  on  re-applying  the  heat,  to  the  re- 
d  pressure  on  the  surface  of  the  hot  water,  occasioned  by  the 
ition  of  fresh  steam. 

om  the  facts  which  have  been  stated,  it  may  be  inferred,  that 
ftarticles  of  caloric  are  mutually  repulsive,  and  that  they  com- 
Lcate  this  repulsive  tendency  to  other  bodies  in  which  caloric 
intaincd.  This  repulsive  power  tends  to  change  solids  into 
$f  and  liquids  into  aeriform  bodies,  and  is  chiefly  counteracted 
,e  pressure  of  the  atmosphere.  Were  this  counteracting  cause 
ved,many  bodies,  which  at  present  have  a  liquid  foi*m,  would 
:  to  be  such,  and  would  exist  permanently  in  a  gaseous  state* 
.seiy  the  same  effect,  therefore,  results  from  the  prevalence  of 
r  of  these  forces.  Add  to  certain  liquids  a  quantity  of  caloric, 
her  words,  place  them  in  a  high  temperature,  and  they  imme- 
ly  assume  an  aeriform  state.  Again,  their  temperature  re- 
ling  the  same,  diminish  the  weight  of  the  atmosphere  ;  and  the 
ric,  which  they  naturally  contain,  exerts  its  repulsive  tendency 
equal  eflfect,  and  they  are  in  like  manner  converted  into  gases, 
ic  facts  are  best  shown  by  the  following  experiments  on  ether  : 
Ether,  at  the  tempt* nature  of  96°,  exists  in  the  state  of  a  gas. 
may  be  shown  by  filling  a  jar  with  water  a  few  degrees  above 
cm|>erature,  and  inverting  it  in  a  vessel  of  the  same.  Then 
duce  a  little  ether,  by  means  of  a  small  glass  tube,  closed  at 
nd.  The  ether  will  rise  to  the  top  of  the  jar,  and,  in  its  ascent, 
)e  changed  into  gas,  filling  the  whole  jar  with  a  transparent, 
ible,  elastic  fluid.  On  permitting  the  water  to  cool,  the  ethe- 
gas  is  condensed,  and  the  inverted  jar  again  becomes  filled 
water. 

Ether  is  changed  into  gas  by  diminishing  the  weight  of  the 
tsphcre.  Into  a  glass  tube,  about  six  inches  long,  and  half  an 
in  diameter,  put  a  tea-spoonful  of  ether,  and  fill  up  the  tube 
water ;  then,  pressing  the  thumb  on  the  open  end  of  the  tube, 
t  Itf  inverted,  in  a  jar  of  water.  Let  the  whole  be  set  under 
t:ceiver  of  an  air-pump,  and  the  air  exhausted.  The  ether 
be  changed  into  gas,  which  will  expel  the  water  entirely  from 
Lube.  On  re-admitting  the  air  into  the  receiver,  the  gas  is 
a  condensed  into  a  liquid. 

is  evidently  unnecessary  that  a  liquid  should  boil  in  vactto^ 
*der  to  be  converted  into  vapour ;  for  all  liquids  have,  in  fact,  at 
f  temperature,  a  tendency  to  assume  the  state  of  gas,  and 
ral  which  exhil)it,at  the  common  temperature  of  the  atmu- 
rCf  no  appearance  of  ebullition,  are  nevertheless  convertible 
vapour,  at  that  temperature,  under  an  exhausted  receiver, 
quantity  of  vapour,  produced  in  vacuoy  varies  with  the  space, 
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the  temperature,  and  the  nature  of  the  liciuid.  1  st,  It  is  proportional 
to  the  space,  for  a  double  space  p;ives  occasion  to  the  formation  of 
a  double  quantity  of  vapour ;  and,  if  a  given  volume  of  vapour  be 
mechanically  compressed  into  half  its  bulk,  one  half  will  be  re-con- 
verted into  water.  2dly,  It  increases  with  the  temperature,  but  in 
a  greater  proportion.  3dly,  It  is  different  for  different  liquids ;  and 
it  may  be  observed  that  licjuids,  which  enter  most  easily  into  ebul- 
lition, are  generally,  though  with  some  exceptions,  those  which,  at 
a  given  temperature,  afford  the  densest  vapour.  Thus  the  vapour 
of  ether  is  more  dense  than  that  of  water.  The  caloric  required 
to  produce  this  sort  of  evaporation^  which  may  be  called  qMiitoneout, 
in  order  to  distinguish  it  from  that  prodnced  by  obvious  sources  of 
heat,  is  supplied  in  the  first  instance  by  the  liquid  itsell^  the  tism- 
perature  ol  which  is  at  first  observed  to  fall,  and  is  afterwards  re* 
stored  by  the  influx  of  heat  from  surrounding  bodies. 

Spontaneous  evaporation  goes  on,  also,  from  the  surface  of  Uquidi 
exposed  to  the  atmosphere,  and  a  quantity  of  vapour  it  produced^ 
which,  from  the  same  liquid,  is  determined  by  the  pressure  and  the 
temperature.  If  to  a  given  volume  of  dry  atmospheric  ur  confined 
over  mercury,  we  admit  a  small  quantity  of  water,  the  Tolume  of 
the  air  is  increased  by  the  admixture  of  aqueous  vapour*  Substi- 
tuting, at  the  same  temperature  and  pressure,  any  other  gas  for 
atmospheric  air,  an  expansion  is  produced  to  precisely  the  same 
amount :  and  it  is  remarkable  that  the  quantity  and  force  of  vapour, 
in  a  given  volume  of  air  or  of  gas  of  extreme  moisture,  is  precisely 
the  same  as  in  a  Toricellian  vacuum  of  like  volume.  (Dalion's  New 
System,  p.  153.)  These  facts  show,  as  will  afterwards  more  fully 
appear,  that  spontaneous  evaporation  is  entirely  independent  of  any 
affinity  of  air  lor  water,  and  is  to  be  explained  entirely  by  the  gene- 
ral laws  regulating  the  production  and  force  of  vapour. 

V.  By  considerably  increasinir  the  pressure^  water  may  be  heated  to 
above  4()0°  Fahrenlicit^  vnthout  being  c/ianged  into  vajpow. — ^This  ex- 
periment requires,  for  its  performance,  Papin'a  digester^  which  is 
merely  a  strong  vessel  of  iron  or  any  other  tenacious  metal,  the  lid 
of  which  is  firmly  screwed  down,  after  introducing  the  fluid  which 
is  to  be  heated.  To  prevent  the  vessel  from  being  burst,  its  lid  is 
provided  with  a  safety  valve,  which  may  be  loaded  with  any  weight 
that  may  l>e  thought  necessary  and  prudent.  That  the  boiling  point 
of  water,  and  the  temperature  of  steam,  are  raised  by  on  increased 
pressure,  may  be  equally  well  shown  by  means  of  the  small  boiler, 
reprt'sented  plate  v.  fig.  46,  which  will  be  found  extremely  useful 
in  experiments  on  this  subject.  Its  precise  size,  and  directions  for 
its  construction,  will  be  given  in  the  description  of  the  plates. 

On  the  cock  c  may  be  screwed,  occasionally,  a  valve,  loaded  in 
the  proportion  of  14  pounds  to  the  square  inch ;  or  a  gauge  adapt- 
ed to  show  the  density  of  the  steam,  by  the  diminution  of  volume 
in  a  confined  portion  of  air,  which  will  occupy  a  bulk  inversely 
pn>portionate  to  the  compn^ssing  force  (fig.  46,/.)  The  boiler 
beini;  rather  mon:  than  half  filled  with  water,  and  the  {perforated 
cap  d  being  screwed  into  its  plaro,  the  ball  of  the  ther^uometer  will 
be  an  inch  or  more  above  the  surface  of  the  water,  and  wlU  indicate 
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its  temperature,  as  well  as  that  of  the  steam,  both  being,  necessarily, 
in  all  cases,  precisely  the  same.  Allowing  the  steam  to  escape 
through  the  cock  c,  before  affixing  the  valve,  the  temperature  of 
the  steam,  under  a  mean  atmospheric  pressure,  will  be  212°.  When 
an  additional  atmosphere  is  added  by  the  weighted  valve,  it  will 
rise  to  250^ ;  by  a  valve  twice  as  heavy  as  the  first,  or  loaded  in 
the  propuriioii  of  42  pounds  to  the  square  inch  (athrcc  atmo- 
spheres), fhe  temperature  of  the  steam  will  be  raised  to  laont  than 
270^    This  is  as  far  as  it  is  safe  to  carry  the' experiment. 

fn 
An  apparatus  adapted  to  the 

saim-  purposes  has  been  contriv- 
ed, also,  by  Dr.  Marcet,  and  may 
lit*  procured  from  the  makers  of 
jiliilosopbicaJ  instruments  in 
London.  It  consists  of  two 
hcinispheix*s  (see  the  Ggure), 
(generally  of  brass,  which  arc  fix- 
ed together  by  ilanchcs  and 
screws.  At  the  upper  part  ai*e 
ihrce  ojjr.niiiijSjinto  one  rjf  which 
a  « fjtl;  ia;iy  hi-  scrcwrd  ;  into  the 
'/•hrr  u  thermometer  j;raduated 
I.)  '-I3»r,  or  upwards;  :iiul  into 
the  central  one  is  fixed  a  lott^ 
^!a.ss  UiUc.  oj)cn  at  both  ends,  iind 
reaching  to  within  about  onc- 
c'ightl)  of  an  inch  of  the  bottom 
of  the  holler.  When  the  appa- 
ratus is  used,  mercury  sutVici- 
v.n\  to  fill  the  tube  is  first  put  in- 
to thcr  vessel,  and  over  this  a 
r[uantity  of  water  sufficient  to 
oc(.u{jy  about  half  its  capar.ity 
is  poured,  and  the  rock  being 
shuu  thi:  heat  of  a  spirit  lamp 
with  thn  c  or  four  wicks  is  aj)- 
jilied.  With  this  Ixiiler,  precise- 
ly :h(:  same  experinieitts  ni::y  lie 
made  as  \^jth  that  whit.h  I  havtj 
already  descril»cd,  ilie  ordy  tlif- 
f'jrenee  beirij^  in  its  form,  and  in 
lUv  ijaugi'  for  nu  ^^unn:.;  thi 
f'iiieof  the  sleam  which  is  «/e- 
iM'ratid;  for  this,  by  its  pressun ', 
drives  the  merr.ury  up  the  tnbr, 
and  by  'he  height  of  tlie  rohmiri 
•-xhit)ils  in  a  more  stiikini;  man 
ii*-f  the  i:orre:>pondenci-  litJwren 
Thi-  ela^tivity  of  the  .itLaiii  and 
Hit  lenipv-iatuic 
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The  elasticily  of  the  vapour  of  water  from  32**  lo  212°  Fahr. 
had  been  experimentally  determined  by  Mr.  Dalton,  who,  from  his 
results,  had  calculated  its  force  at  temperatures  al>ove  the  ordinary 
ljoilin{<^  point.  It  was  still,  however,  desirable  to  ascertain,  by  actual 
experiment,  the  elastic  force  of  vapour  above  212%  and  this  has 
been  attempted  by  Professor  Robinson,  Mr.  Southern,  and  Dr,  Urc 
Mr.  Southern's  ex|>eriments  were  made  many  years  ago,  but  were 
first  published  in  Dr.  Brewster's  edition  of  Prof.  Robinson's  Works. 
The  following  table  expresses  the  elasticity  of  aqueous  rapour  ac- 
cording to  his  experiments,  under  one,  two,  four,  and  ci|^t  atmo- 
spheres. 

Pressure  in  Inches  Tempciaiurcs 

Atmospheres.  of  Mercury.  Fibr. 

1 29.8 212.'» 

l.{ 44.7 234. 

2 59.6 25a3 

21 74.5 264.« 

3 89.4 275. 

3i 1()4.3 285.3 

4 119.2 293.4 

4i 134.1 302. 

5 149. 309.2 

51 163.9 316.4 

6 178.8 322.7 

6.i 193.7 328.5 

7 208.G 334.4 

74 223.5 339.3 

8 238.4 343.G 

Dr.  Ure's  experiments  were  published  in  the  Philosophical 
Transactions  for  IKIH,  and  their  general  results  arc  contained  iti  a 
table,  which  will  be  found  in  the  Appendix.  Between  32"  and  il^i^ 
an  almost  exact  coincidence  may  be  observed  between  the  experi- 
ments of  Dal  ton  and  of  lire ;  but  this  ceases  above  the  boiling  point 
of  water;  for  there  Mr.  Dalton's  numbers  were  calculated  on  the 
presumption  that  the  same  law  of  pi*ogression  obtains  in  the  higher 
as  in  the  lower  ranges,  which  does  not  appear  to  be  correctly  the 
fact. 

Dr.  Ure  has  examined,  also,  the  elastic  forces  of  the  vapours  of 
alcohol,  ether,  oil  of  turpentine,  and  naphtha,  ami  has  exhibited  the 
results  in  the  form  of  a  table.  To  the  experiments  on  ether,  it  has, 
however,  been  o!)jected  by  Mr.  Dalton,  tliat  they  were  made  on 
that  fluid  in  an  inii>ure  state,  as  is  evident  from  its  boiling  ]u)int, 
which  Dr.  Ure  slates  at  1(>4°  or  105°  ;  whereas  the  point,  at  which 

Sure  ether  boils  uiuler  the  pressure  of  the  atmosphere,  is  96''  Fahr. 
Ir.  Dalton  has,  therefore,  from  his  own  experiments,  constructed 
a  fresh  table,  which  will  also  be  found  in  the  AppeTidix. 

y  I.  77ic  dnutity  of  strain  in  nrarty^  if  not  arrurutrh/^  prpportiorud 
to  its  danticily;  at  least  this  may  be  aflirmed  of  it  within  the  limits 
of  Mr.  Southern's  experiments,  which  extended  lo  steam  formed 
under  a  pressure  of  120  inches  of  mercury,  or  of  four  atmospheres. 
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Thus  Bteam  of  elasticity  ^  40  inches  of  mercury  required  1.430 
cubic  inches  of  water  to  form  each  cubic  foot  of  steam ;  vapour  of 
8f)  inches  required  2.940  cubic  inches  of  water ;  and  vapour  ==  ISO 
inches  force  required  for  each  cubic  foot  4.^79  cubic  inches  of 
water.  The  elasticities,  thci*cforc,  and  the  quantities  of  water,  in 
these  experiments,  have  the  same  common  multiple :  in  other  words, 
steam  ot  double,  triple,  &c  elastic  force  contains,  in  an  equal 
volume,  twice,  thrice.  Sec.  the  weieht  of  water. 

VII.  The  force  of  vapour  from  d^erent  liquids  vartet  ai  the  same 
tfmperaiure.  This  is  best  shown  by  the  following  elegant  contrivance 
of  Mr.  Dalton.  Take  a  barometer  tube,  perfectly  dry,  and  fill  it 
with  mercury  just  boiled,  marking  the  place  where  it  is  stationary  : 
then,  having  graduated  the  tube  into  inches  and  tenths,  pour  a  litUc 
ether,  water,  or  any  other  liquid  the  subject  of  experiment,  into  it, 
so  as  to  moisten  the  whole  inside.  After  this,  again  pour  in  mer- 
cury, and  invert  the  tube,  carefully  excluding  air.  The  barometer, 
by  standing  some  time,  will  exhibit  a  portion  of  the  liquid  employ- 
ed, of  ^th  or  -^th  of  an  inch,  upon  the  top  of  the  mercurial  column, 
because,  being  lighter,  it  ascends  by  the  side  of  the  tube,  which 
may  now  be  inclined,  and  the  mercury  will  rise  to  the  top,  mani- 
festing a  perfect  vacuum  from  air.  When  the  ordinary  barometer 
is  at  the  mean  height  (29.8)  and  the  thermometer  at  50°,  the  force 
<jf  vapour  in  the  ether  barometer  will  depress  the  mercury  nearly  10 
inches ;  of  sulphuret  of  carbon  about  8]  inches ;  that  of  alcohol 
alK>ut  an  inch  ;  and  that  of  water  only  about  0.4  inch,  showing  that 
the  force  of  vapour  from  each  lic^uid  in  a  vacuum  is  proportionate  to 
its  evaporability. 

Kzposing  vapour  thus  confined  to  higher  and  lower  temperatures 
than  that  of  the  atmosphere,  Mr.  Dalton  determined  that  the  vari- 
ation of  the  force  of  vapour  from  all  li(pHd8  is  the  same  for  the  satne 
variation  of  temperature^  rcckofiing  from  vapour  of  a>\y  given  force. 
Thus,  assuming  a  force  eciual  to  30  inches  of  mercury  as  the  stand- 
ard, it  being  the  force  of  any  liquid  boiling  in  the  open  air,  we 
find  aqueous  vapour  loses  half  its  force  by  a  diminution  of  30**  of 
temperature.  So  also  does  the  vapour  of  any  other  liquid  lose  half 
its  foixe  by  diminishing  its  lemperalurc  30"  below  that  at  which 
it  lioils,  and  the  like  for  any  other  increment  or  decrement  of  heat. 
This  position  Mr.  Dalton  established  by  a  train  of  satisfactory  ex- 
periments. 

\'1II.  The  latciU  heat  of  the  vapours  of  fluids,  though  constant  for 
vapour  of  the  same  kbulj  and  of  a  given  vtasticitij,  differs  in  different 

vapours. 

The  latent  heat  of  the  vapours  of  diflcrent  liquids  has  been  in- 
vestigated by  Dr.  Ure  and  Ijy  M.  Despretz.  The  niclhod  eniploy- 
cd  by  both  was  to  distil  ofl*  a  known  quantity  of  each  liquid,  and 
to  ofiser%'e  the  temperature  gained  by  the  water  employed  to  con- 
dense its  vapour.  From  the  results,  Dr.  Ui-e  has  constructed  the 
following  Table.  (Diet,  of  Chcniislry,  p.  289.) 
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General  Tdble  of  Latent  Heat  of  Vapours. 

Vapour  of  water  at  its  boiling  point    -    -     -    -  1000. 

alcohol  (sp.  gr.  0.825) 457. 

sulph.  ether  (boiling  point  104°)-     -  312.9 

petroleum 183.2 

oil  of  turpentine  (do.  about  310°)      -  183.8 
nitric  acid  (sp.  gr.  1.494,  boiled  at  165°)  550. 

liquid  ammonia  (sp.  gr.  0.978)    - '  -  865.9 

vinegar  (sp.  gr.  1.007) 905. 

The  following  numbers  result  from  the  expcrimei^  of  M. 

Despretz.  (Ann.  de  Chim.  et  de  Phys.  xxiv.  329.)  ^ 

Vapour  of  water 955*^.8 

alcohol  (sp.  gr.  .793)       -    -     -  373°.  86 

ether  (sp.  gr.  .715)     -     -     -    .  163°.44 

oil  of  turp.  (sp.  gr.  .872)     -     -  138°.34 

IX.  Tht  absorption  of  caloricy  during  evaporation^  shown  by  a  very 
sifnple  experiment.  Moisten  a  thermometer  with  alcohol,  or  with 
ether,  and  expose  it  to  the  air,  repeating  these  operations  alternate- 
ly. Tke  mercury  of  the  thermometer  will  sink  at  each  exposure, 
because  the  volatile  liquor,  during  the  evaporation,  robs  it  of  its 
heat.  In  this  way  (especially  with  the  aid  of  an  apparatus  describ- 
ed by  Mr.  Cavallo,  in  the  Philosophical  Transactions,  -1781,  p. 
509),  water  may  l>c  frozen  in  a  thin  and  small  glass  ball,  by  means 
of  ether.  The  same  effect  may  be  obtained,  also,  by  immersing  a 
tube,  containing;  water  at  the  boiiom,  in  :i  j;!ass  partly  filiccl  uiili 
ether,  which  is  to  be  placed  under  the  receiver  of  an  air-pumj>;  or 
the  ether  may  be  allowed  to  lloat  on  the  surface  of  the  water.  Dur- 
ing the  exhaustion  of  the  vessel,  the  ether  will  evaporate  lapiilJy  ; 
and,  rob!)ing  the  water  of  heat,  will  completely  freeze  il;  thub  ex 
hibiting  the  sinj^ular  spectacle  of  two 
fluids  in  cortact  with  each  other,  one 
of  which  is  in  the  act  of  hoilinj^,  and 
the  other  of  freezinjj,  at  the  same  mo- 
ment. 

IJy  a  little  modification  of  the  expi- 
riment,  mercury  itself,  which  requires 
for  congelation  a  ieini)eratun^  of  al- 
most 40'  below  (I  of  I'ahrenheil,  may 
be  fi-ozi'n,  as  was  first  bhown  I)y  Dr. 
Marcet.  (34  Nich.  Journ.  111).)  A  co- 
nical  receiver,  open  at  the  top,  is  plac- 
ed on  the  plate  of  an  air-pump,  and  a 
small  tube,  with  a  cylindrical  hull)  at 
its  lower  end,  containing  mercury,  is 
suspended  within  the  receiver,thi-oiii;h 
the  ap«M'ture,  hy  nu  aiis  of  a  f)rass 
plate,  perforatej  in  its  ctTitre,  and  fit 
tinj;  the  ricei\er  aii  tichf,  when  lai-l 
upon  its  oj>en  ium  k.  Thi-  tuhc  p:isse  . 
lUrouj^h  iliis  jjluti-,  ii.  whi^h  i;    is  lir 
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ted  by  a  leather  adjustment,  or  simply  by  a  cork  secured  Vvilh  seal- 
ing-wax. The  bulb  is  then  wrapped  up  in  a  little  cotton  wool,  or, 
what  is  better,  in  a  small  bag^  of  fine  fleecy  hosiery,  iu  which  a 
small  spirit  thermometer,  p^raduated  below  40^  Fahr.,  may  also  be 
included;  and,  after  lieing;  dipped  into  sulphufct  of  carbon  or  ether, 
the  apparatus  is  quickly  placed  under  the  receiver,  which  is  ex- 
hausted as  rapidly  as  possible*.  In  two  or  three  minutes  the  tem- 
perature sinks  to  about  45°  below  0,  at  which  moment  the  (^uick- 
silver  in  the  stem  suddenly  descends  with  great  rapidity.  If  it  be 
desired  to  exhibit  the  mercury  in  a  solid  state,  common  tubes  may 
be  u^d,  Much  have  originally  been  about  an  inch  diameter,  but 
have  been  flattened  by  pi*essure,  when  softened  by  the  blow-pipe. 
The  experiment  succeeds  when  the  temperature  of  the  room  is  as 
high  as  +  40**  Fahrenheit. 

X.  Tliejixaiion  of  caloric  in  water ^  by  its  conversion  into  sleam^ 
fiMry  be  shtnm  by  thefotloivins^  experiments :— 1 .  Lei  a  pound  of  water 
at  212**,  and  eight  pounds  of  iron  filings  at  3(K)%  be  suddenly  mixed 
together.  A  krge  quantity  of  vapour  will  be  instantly  generated; 
and  the  temperature  of  the  mixture  will  be  only  ^\9P  \  liut  that  of 
the  vapour  produced  is  also  not  more  than  212'';  and  the  steam 
must  therefore  contain,  in  a  latent  or  comliinecl  form,  all  the  caloric 
which  raised  the  temperature  of  ei;;ht  pounds  of  iron  filings  from 
-212=  to  •T^m'', 

2.  When  a  (juantiiy  of  water  is  heated  seMTal  degrees  above 
the  boiling  point  in  :i  close  vcssvl,  and  a  cock  is  then  suddenly 
opened*  the  steam  rushes  out  willi  prodigious  noise  and  violence, 
and  the  heat  of  the  wattr  is  reduced  in  ilirci-  or  four  set  onds  to  the 
boiling  temperature.  The  water,  li«jAvcver,  constituting  the  steam 
which  hascscaptid,  aniouiilslo  only  a  very  inIliug(|uamUy,  iind  \c^ 
it  has  been  sufluieni  to  curry  oiVthe  wJiole  excess  of  heat  from  the 
water  in  the  digester. 

3.  The  ({uantity  ol'  caloric,  which  becomes  latent  during  the 
formation  of  steam,  ma>  be  apprciximiited,  by  rLpeullnj^  the  fol- 
lowing experiment  of  Dr.  Black.  lie  j)l:iced  two  cylindrical  llat- 
Wtomed  \esselsof  tin,  live  inches  in  diameter,  and  c(;ntaiiiing  a 
small  quantity  of  wali'r  at  oO  ,  on  a  red  hot  iron  i)!ale,  of  th(*  kind 
UM:d  in  kitchens.  In  four  niinuies  ihi*  water  began  to  boil,  and  in 
twenty  minutes  the  wlwde  was  !)nl!e<l  away.  In  four  minutes,  ihere- 
i'ore,  the  water  received  Ifci  of  leriijn  raiure,  or  M)\'  in  each  mi- 
nute. If  We  sup|)oy.e,  then  f'jre,  tluit  tin.  heat  miMinUes  to  m^er  the 
Water  at  the  same  rate,  dntin;^  tiie  whole  eliuliition,  ^^^.•  must  con- 
clude that  4()V  X  20-^ Sid  have  entered  tile  water,  and  are  con- 
'uined  in  the  vajK)ui . 

It  has  been  fuund  l»y  experiment  tlia.t  7.)  pounds  of  Newcastle* 

*'<»aK  or  1(K»  pounds  of  loid  uf  Tnerliur^  liuality,  applied  in  the  best 

'T^anner,  arc  rcijuirerl  lor  ib^:  eva|)«)i"i;  mion  of  12  cul»ie  fee",  or  al)out 

^TJ.wine  gallons  of  wMer.     In   pr:n  ti«  e,  a  pound  *y\  coal,   on  ih<' 

•«  %  erujLjc,  may  !ii  tonsideied  a:. e({ui\ali-nf  <•>  convert  a  jvallon  (=-  tS 

•In  cib:.u*>li'i^  a  vc»l!  •■  uTainiup;  i  aIi^i  -ti  Uit»e  liuul..,  Mi^  \ulv»..i  of  ihe 

^  «-■"  pumii  IJlUst  be  JUb-UlilC. 
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pounds  avoirdupois)  of  water  into  vapour.  Wood  charcoal,  bj 
combustion,  is  capnMc  of  melting  1V4  times  its  weight  of  ice,  and  of 
rvaporatin|>  13  times  its  weight  of  water,  previously  at  S2^  Fah- 
renheit. IVat  of  1  he  best  quality,  when  properly  applied,  eraporatcs 
10  times  its  weii^lit  of  water,  but,  as  commonly  used,  only  4  or 
5  times.  Even  with  the  assistance  of  heated  air,  only  six  times  its 
weight  can  be  evaporated,  though  Curaudau  pretends  to  have  evapo- 
rated 25  times  its  weight.  (79  Ann.  Ch.  8G.)  From  evidence  given 
before  the  House  of  Commons  on  the  Gas  Light  Bill,  I7i  pounds 
of  good  London  coke  appear  to  be  capable  of  raising  from  66  to  TO 
pounds  of  water  into  vapour,  or  about  4  times  their  weight.* 

XI.  fFatcry  by  conversion  into  sfernn,  has  its  bulk  prodigUmhy  en- 
larf^ed,  viz.,  accordins:  to  Mr.  JVatl's  experiments^  about  1800  fimef, 
or^  accordinf^  to  Gw/  Lussan^  only  1G98  /ttn^a.— A  cubic  inch  of  wa- 
ter (or  252  grains)  occupies,  therefore,  when  converted  into  steam, 
of  temperature  212°,  and  force  equal  to  30  inches  of  mercury,  the 
space  of  nearly  a  cubic  foot.  The  specific  gravity  of  aqueous  va- 
pour under  the  ordinary  pressure  of  the  air,  is  to  tlv^t  of  perfectly 
dry  air,  taking  Gay  Lussac's  data,  as  10  to  16,  or  0.62349  to  1. 
The  specific  gravity  which  it  ought  to  have  from  theory  is  0.620, 
for  this  should  result  from  condensing,  into  two  volumes,  two  vo- 
lumes of  hydrogen  gas,  sp.  gr.  0.0G88,  and  one  volume  of  oxygen 
gas,  sp.  gr.  1.1025.  The  experimental  result  of  Gay  Lussac  was 
obtained  by  comparing  air  and  steam  at  the  common  temperature 
of  212°  Fahr.  (Ann.  de  Chim.  ct  dc  Phys.  ii.  135.)  But  as  all  gases 
and  vapours  are  expanded  or  contracted  to  the  same  amount  by 
equal  variations  of  temperature,  it  must  be  obvious  that  the  same 
relation  will  coTitimif:  between  air  and  aqueous  vapour  at  all  other 
degrees  (>r  heat,  provided  both  are  subjected  to  a  common  tempera- 
ture and  pressure.  Steam,  therefore,  when  once  formed,  derives 
no  greater  increase  ofehisiic  force,  by  raising  its  temperature,  than 
air;  and  no  dangerran  arise  from  heating  a  confined  portion  of  steam, 
providtrd  the  vessi-I  contains  no  water,  from  which  fresh  steam 
might  be  generated.  In  tliat  case,  its  volume  (and  if  not  sulfercd 
to  expand,  its  ehistirity)  is  increased  about  onc-tcnth  of  the  original 
amount,  l)y  every  additiuJi  of  about  50^  Fahr. 

XIL  On  thr  contrnrii.  vupttifra^  dvrinv:  ihvir  conversion  into  aiiqtiid  9 
form^  cv(drc^  or  ir/t7.'  o?//,  tnifch  adoric, — The  heat  given  out  by  thc^ 
condensation  of  steam,  is  rendered  apparent  by  the  following  ex  peri — 
ment.    Mix  1(K)  gaHons  of  water  at  50^  with  1  gallon  of  water  at»" 
2J2' ;  the  tein])erature  (>f  ilu'  water  will  be  raised  about  li^    Con- 
dense, by  a  r.onnnoti  slill-tub,  1  j^allon  of  water,  from  the  state  o*" 
steam,  by  KH)  j;a linns  n\'  water,   at  the  temperature  of  50'.    Th* 
water  will  l>e  raisrd  1 1  '.     llenrc,  1  gallon  of  water,  condensed  froi 
steam,  raises  the  ti-niperature  of  I(K)  (^^allonsof  cold  water  9}*^  moi 
than  1   gallon  of  boilinir  water;  and,  by  an  easy  calculation,  it  a| 
pears  that  the  ralorir  iniparled  to  100  gallons  of  cold   water  by 
pounds  of  stiani,  if  it  could  be  condensed  in  1    gallon  of  waici^   ^r. 

*  Sec  uls<i  C«>uMt  liiiniforilN  Honcarclic!)  on  the  Ucut  tli;\clupcd  in  Comb 
liun.  rbil.  Mu^.  :Ai.  \bi.  uiid  xliii. 
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would  rsdsc  it  la  950*^  ;*  and  1  gallon  of  water  convcKcd  into  steam 
of  ordinary  density,  contains  as  much  heat  as  would  bring  5^-  gal- 
lons of  ice-cold  water  to  the  boiling  point.  The  quantity  of  ice, 
which  is  melted  by  steam  of  mean  density,  is  invariably  7i  times 
the  weight  of  the  steam. 

For  exhibiting  the  latent  heat  of  steam,  by  means  of  a  small  ap- 
paratus, which  may  be  placed  on  a  tabic,  and  with  the  assistance 
only  of  a  lamp,  the  I>oiIer  already  described  (fig.  4G)  will  be  found 
extremely  well  adapted.    The  right  angled  pipe  c  must  be  screwed, 
however,  into  its  place,  and  must  be  made  to  terminate  at  the  bottom 
of  a  jar,  containing  a  known  quantity  of  water  of  a  given  tempera- 
ture.   This  conducting  pipe  and  the  j;ir  should  be  wrapped  round 
with  a  few  folds  of  llaimcl.    The  apparatus  being  thus  disposed,  let 
the  water  in  the  boiler  be  heated  by  un  Argand's  lamp,  with  double 
concentric  wicks,  till  steam  issues  in  consideraljle  quantity  through 
the  cock  r,  which  is  then  to  be  closed.    The  steam  will  now  pass 
through  the  right  angled  pipe  into  the  water  coiii:iined  in  the  jar, 
which  will  coadense  the  steam,  and  will  have  its  temperature  very 
considerably  raised.    Ascertain  the  augmentation  ot  temperature 
and  weight;  and  the  result  will  show,  how  much  a  given  weight  of 
Water  has  had  its  temperature  raised  by  a  certain  weight  ol  con- 
densed steam.    To  another  (juantity  of  water,  e([uul  in  weight  and 
temperature  to  that  contained  in  the  jar  at  the  outset  of  the  experi- 
ment, add  a  quantity  of  water  at  212",  e<iucil  in  weight  to  the  con- 
densed steam ;  it  will  be  found,  on  comparison  of  the  two  resulting 
temperatures,  that  a  given  weight  of  steam  has  produced,   by  its 
cuadcnsation,  a  much  greater  elevation  of  temperature,  than  the 
^anie  quantity  of  boiling  water.    This  will  be  better  understood  by 
t  he  following  example,  taken  from  actual  experiment. 

Into  eight  ounces  of  water,  at  50'^  Fahrenheit,  contained  in  the 
^lossjarfTt  fig*  *^^9  steam  was  passed  from  the  i)oiler.,  till  the  tem- 
j>crature  of  the  water  in  the  jar  rose  to  1^;T^  On  weighing  the 
Crater,  it  was  found  to  have  gained  8.^  drachms ;  that  is,  precisely 
%ii  drachms  of  steam  had  been  condensed,  and  had  imparted  its 
licat  to  the  water. — To  facilitate  the  explanation  of  this  experiment, 
it  is  necessary  to  premise  the  following  remarks. 

To  measure  the  whole  (juantities  of  caloric  contained  in  different 

IkkIics,  is  a  problem  in  chemistry  which  has  not  yet  been  solved. 

liut  the  quantities  of  caloric  added  to,  or  subtracted  from,  din'erent 

liodies  (setting  out  from  a  given  temperature)  may,  in  many  cases, 

Ijc  measured  and  compared  with  considerable  accuracy.    Thus  if, 

as  has  been  already  stated,  2  pounds  of  water  at  l'2iy^  be  mixed 

'^'ilh  2  pounds  at  (U)',  half  the  excess  of  caloric  in  the  hot  water  will 

f>a&s  to  the  colder  portion  ;  that  is,  the  hot  water  will  be  cooled  S()'\ 

stud  the  cold  will  receiveoO'  of  leniperature;  atkd,  if  the  experiment 

Ijc  conducted  with  proper  precautions,  9<r\  tlu;  arithmetical  mean 

«jf  the  temperature  of  the  separate  parts,  will  be  the  temperature 

<jf  the  mixture.    If  i\  pounds  of  water  at  KH)^  Ih*  mixed  with  1  pound 

zxt  GU%  wc  shall  have  the  same  <|uantity  of  heat  us  before,  viz,f  -I 

*  UUck's  Lectures,  i.  WJ. 
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pounds  al  00''.  iloiirt'  if  the  (luaiitity  of  water  1)C  9iultiplicd  by  the 
t('iiip«  i':itui':\  \\\v  |>r()(Iiict  will  be  acoinparutivi!  nieusurc'  uf  the  nuan- 
tity  f>r<.alwi-i''-  which  the  water  cuiitaiiis,  exceeding  the  zero  of  ihe 
thcnnoineUT  eiiiployed. 

'J'hus.  in  the  last  example, 
.'^  X  W'f)  =^  .*»*m)  =  ihe  Caloric  ahovc  zero  in  the  Ilrst  portion. 
I  X    <■')  =    <i;)  =  the  caloric  above  zero  in  the  second  ditto. 

Tlie  sum,  3C()  r=  the  caloric  above  zci'o  in  the  mixiui'C. 

I)i villi n:.j  otJo  by  I,  tiie  w  hole  (piantity  of  water,  wo  obtain  90°,  the 

tempera. uii"  of"  liie  mixture. 

This  method  of  eomputation  may  l)e  conveniently  applied  to  a 

variety  of  eases.    'I'lms.  in  the  I'ure^joint;;  exijcriment,  Bi  drachms 

4if  steam  at  iZlZ^  addeil  to  (>4  drachms  of  water  at  jO'\   produced 

r2i-  drichms  of  water  at  17o',    Xow, 

Ti^l  X  ITj  =i=  lj;)iii.l  =  wh(»l-j  heat  of  the  mixture, 
,. ,     ^     -,,  ,,  w.  S  1"'"*  '^*  ''*  <li\ithms,  one  of  the  coxn- 

(      poiient  parts. 

.,.,,1  {  hei-.t  {>{'  r*"  ,!:arhnis,  the  other  com- 

(  poTseijt  part. 
Therefore  'J.W  :.  dividid  i)y  S,  =  loO'J,  shiuM  have  l^een  the  tem- 
perate.?"' t;!'  ili.'  iaLtJ*r  ivjiiinT:  (t7'r.,  >'.[  'liarhms),  had  none  of  its 
heat  \:r\:\  i:.:e)»:  ;  a.»d  i'H;'./  —  ^i1^2  =:'^>^7  L^ivos  the  latent  heat  of  the 
steam.  Th-s  .-••s.mj  -.I'l's  m-m  di'Ver  ip.nrt  lliun  mi:;hl  he  e\j)ected, 
()V.in:',  i»  li'i'  i::i'  -. 'li.!•.:^i^'  i;i:.(f  e;\M-ii-;i  ••I  ih:- e\jji  liini-iii,  from  Mr. 
W  :lI^'.  .1:  I.  "\\.\  ■  ■.■••■■'i.  '■.!•!■  1:  -.i:;'i's  iIh*  lait'ui  lieat  (if  steam,  on  an 
avrr-.,.-  ••!  w'My  .  >  ;:<--ivrvts.  -i  'I}').m  .k;.,-  «j.)0  .•  Lavoisii-r,  with 
Uic  aiti  !■!  .'::.■  ■  .Ji.-nn.  i  i-,  uii-.ut  -:  it  I'mj'j  .  or  a  little  more;t  Air. 
Souilvi  •..'..•.'...■■'   :)..  Li  ■.  '!  ■:* 

\ill.  7V  ....I  'is'.'  /' '^'i.-./)  '■'nffiJti's.  fr/mitvif  timy  be  ita 
if^nitif^  I.''  ^1  ,1  /fim'ii'/ '-f  n:f-\--ir  ;  i!si.i*tni  fir/tt  Uinj  inert iisftf^ 
in  lirt'ji'Ulin,}  /»,  ■■'..  .N* />>,.'./.  /,■-■/.'/  is  ifimini  Jn.i :  anil  the  nn  r.v.— This 
prill*  i»  ii',  •!.!  ■  ■  ii  ■ ;  ;.r<  riy  ir'imiMiii  ;  of  iljiistvation  by  anv  easv 
•  \'":'  ■•  !'.  <■■■«.!"  I  nnsidei'abl'.'  i»ii;M.'i'i:'.»ici- ;  and  an  ij^norancc 
«>I  J!  !'.  ii'-rj  v..  1.1  (■;!''ifni  o!'  T!iui:y  l.i'itli-is  j'.umpts  to  improve 
lii»'  i«  ■  I;  ..i-y  I 'I  i-i.  I  ill  ilu'  ^leam-riiiiiu-.  Thr  fa(  1,  so  far  as  re- 
sp.il-  '.i.im«.|  ].»..<:  .li  i;'/ny  th.i'!  i'iulI  <'t'  .)M  ithln-i  (.f  nurrurv, 
w::^!  11,  :■  .c  .i  .iuliu-!  »  \p, 'iinni-.i'.IIy  b>  Mi*.  ^VJ:t.t  As  the 
b;jiliii.;  |i.iii««  -.1  Ii  , Mils  i-i,  ...•i')\'.  :l  I'l  ■•.■  i:»i! -.i'l.-.-.i'dv  pfiured  b\  a 
diiiii'  J /si  ■.'  ;    !■  .■,!. : ;  .  i!    -It  ;,..  ij    I  ,'iis.)ii. «.»'«■   "i*  ^lij/jH.^i    'lia!*  under 

th»-.i-  I   il  (  Mii-M.iM'-,-    .      ;.  .  i.i    Ml     ill     ",:•    «.!.!,!•;■  ;'    fi-.i,:    \\h'\\\    Wi.lia 

h- 'S  I  \;ii  r:''iMii,    .,;"  Im  |.    \\  .    ■  ,-,   Nf;     W..;:  i')itr.<|.  ini;).i   i-a^ilv   !n 
rlisiilli-ii  /■  /  ///I-.-     V  111-,:   •.:  ;    .    •.     .j»-.  .i,*.i     =:"  ..'.ly  .'«i     1  .'.lirruhrit. 
liMl.  '  y  I  .H-iIi  I!  ,f         .ii  .  Ill  i..i  t >»«■■;   ..!     .11  .  '    'rij..  ;-.i1ij!  .  .   .11:  1    oDsrT  \ 
iii|;' fh-  ipi.i'iJi  V    .1    I   .J  V.  ii.' Ii  ii  '•uiiiUii'i.!- .lii  d  til  J  ruiii  wei;;h; 
III    .Villi  i.'ii    «'«■•■  "li::- :!■  ;.,:    ii  -   L '.  !r  i.i  a" .  Mi -.  .««!   ■»!    "nin;;  onlv 
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The  same  principle  may  be  explained  also  by  the  following  illus- 
tration, which  was  suggested  to  me  by  Mr.  Ewart  Let  us  suppose 
that  in  a  cylinder,  furnished  with  a  piston,  we  have  a  certain  quan- 
tity of  steam,  and  that  it  is  suddenly  compressed,  by  a  stroke  of 
the  piston,  into  half  its  bulk.  None  of  the  steam  will  in  this  case 
he  condensed;  but  it  will  acquire  double  elasticity, and  its  tempera- 
ture will  be  considerably  increased.  Now  if  we  cither  suppose  the 
cylinder  incapable  of  transmitting  heat,  or  take  the  moment  instant- 
ly following  the  compression  before  any  heat  has  had  time  to  escape, 
it  must  be  evident  that  the  sensible  and  latent  heat  of  the  steam, 
taken  together  before  compression,  arc  precisely  equal  to  the  sen- 
sible and  latent  heat  taken  together  of  the  denser  steam.  But  in 
the  dense  steam  the  sensible  heat  is  increased,  and  the  latent  heat 
proportionally  diminished.  Reversing  this  imaginary  experiment, 
if  we  suppose  only  half  the  cylinder  to  contain  steam  at  Si 2%  and 
the  piston  to  l>e  suddenly  raised  to  the  top  of  the  cylinder,  the  steam 
will  bo  expanded  to  twice  its  volume,  its  temperature  will  fall,  but 
its  sensible  and  latent  heat  taken  together  will  still  remain  unchang- 
ed. The  explanation  of  these  facts  will  be  furnished  by  a  principle 
to  l>c  hcreaiter  explained,  riz.,  that  the  capacities  of  elastic  fluids 
for  caloric  arc  uniformly  diminished  by  increasing  their  density, 
and  the  reverse. 

Direct  experiments  to  ascertain  the  latent  heat  of  steam,  formed 
iindrr  higher  pressures  than  that  of  the  atmosphere,  have  been  made 
l>y  Mr,  Southernof  Soho,and  by  ^Ir.  Sharpe,  then  of  Maiirhester.* 
Those  of  the  latter  were  first  published,  and  were  to  him  quite 
on;;inaI.  They  were  conceived  and  executed  very  ably,  but  were 
subsequent  in  point  of  time  to  the  experiments  of  Mr.  Southern, 
which,  though  only  lately  made  public,t  were  instituted  many  years 
ago.  The  latter  consisted  in  ascertaining  the  augmentation  of  weight 
ajid  increase  of  temperature,  gained  by  given  quantities  of  water, 
from  the  condensation  of  known  volumes  of  aqueous  vapour  of  differ- 
ent densities.  The  results  presented  difTerenees  in  the  latent  heat 
of  sieani  of  different  densities,  but  of  so  very  small  an  amount  as  to 
arise  j)robably  from  unav(>idal)le  sources  of  error  in  manipulation. 
The  following  table  exhibits  the  principal  results  obtained  by  Mr. 
Southern. 

Tcnipcnturc  Klasticity  of  ditto  Latent 

of  Steams.  in  inches  (if  Mercury.  Heat. 

220 40 912'^ 

2:0     ..---.        SO 94i2^ 

"203 leo 950'" 

The  experiments  of  Mr.  Sharpe,  and  also  a  recent  series  by  Cle- 
ment and  Desornw's,  (of  which  an  abstract  is  »;iven  in  the  Appen- 
ilix  to  Thrnard's  Traite  de  C'himie,  vol.  iv.  p.  '-6'2,  ;lme  edition,) 
establish  the  same  j;eneral  law.  at  least  within  certain  limits.  This 
laiv  is  of  great  importance  in  practice,  since  it  shows  that  no  c»- 

•  Manchester  Society's  Memoirs  Vol.  ••,  New  Scries, 
t  BrcmiUr's  edition  of  Pruf.  Robinson's  Works. 
Vol.  I.  g 
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sential  savincj;  of  fuel  can  be  reasonably  expected  from  using,  as  a 
movin^^  power,  sleam  formed  under  high  pressures:  for  as  a  pound 
of  sleam,  of  whaltrver  density,  gives  out  by  condensation  the  same 
quantity  of  caloric,  it  is  obvious  thai,  to  convert  a  pound  of  water 
into  steam,  will  always  require  the  same  quantity  of  fuel,  applied 
under  c(|ual  circumstances,  whatever  may  be  the  density  of  the 
steam  which  is  produced.  So  far,  indeed,  from  tending  to  econo- 
mize fuel,  it  scorns  probable  that  the  higher  the  temperature  of  the 
water  in  the  boiler,  the  f;realer  will  be  the  loss  of  heat  by  the  es- 
cape of  hot  air  ihrougli  the  chimney.  Nevertheless,  there  are 
certain  cases  in  which  higli-pressure  steam  may  be  applied  with 
groat  advantage  to  various  manufacturing  processes,  as  a  means  of 
communicating  heat,  when  the  temperature  is  required  to  exceed 
212°  Fahr. 

A  remarkable  fact  has  been  observed  respecting  steam  of  great 
elasticity,  viz.^  that  when  suflered  to  escape  suddenly  from  a  cock 
or  small  aperture  in  the  Ixjiler,  the  hund  may  be  held  close  to  the 
©rifice  from  which  the  s'eani  is  issninr;  vioh'ntly,  without  l>cing 
srahU'd  bv  it.  thoii'rh  evr-v  one  knows  that  steam  of  ordinary  den- 
sity  scalds  sevi-rely  under  the  same  circumstances.  On  applying 
a  ihermonielei"  to  the  sleam  escaping  from  the  boiler,  ils  iemj>cra- 
ture  is  found  to  be  consith'rably  reduced:  for  instance,  sleam,  which, 
"within  the  boiltM',  was  at  i290''  I'ahr.,  falls  suddenly,  when  let  oui, 
to  IGO^.  That  it  should  fall  to  >21'-^  would  not  be  surprising,  since 
that  is  the.  temperature  u\'  steam  under  the  orditiary  pressure  «>f 
the  atmos|ihi're ;  but  il  is  dill'ii  nil  to  conceive  why  it  shoulil  de- 
scend .")  ^-  hi'luw  ::i.:".  or  il.ls  Wi  \  Mr.  Kwiirl  has  giveti  an  iiij^-o- 
ni<ius,  ;mfl,  ii  :i]>|)eurs  to  i.:e,  a  su' l>,ract(jiy.  explanation,  riniiitlt'il 
on  the  res-ilts  «.l"  rxjx  rim.  Jit*^.  wlilili  hr  has  clescril>ed  in  the  An- 
nals {){'  IMiilosi'Tjliy  fi.r  Apiil  l^I'J.  I!e  supposes  ihal  ihe  pLiiiii  les 
of  elastic  Ihiii! ;  ha\e  u  Irsidi  nev,  when  ihev  ai-e  fv^rced  lu'ar  lo  e:ieh 

other,  to  i\\-  i\^:\\\t\r\\  ]Ui\  (;m1\  t'.itie-ir  orii-iiKil  (lisl:-.nce,  l)'.il  l)e\uiul 

.     "  .  '  *  • 

it.     'J'o  illu^tiute  till.,  !c!  us  supuos'  two  ecpuil  hA\s  (4' leiii!,  A   H, 

lo  he  ei»!.;;   cri'd   iiy  au   elasii-:    si-.-r]    spring,  in   a  ])erleclly  neair.il 

slate,  S.J  ih:i:  llv'y  Ik'.nc  no  t.-hficii'  y  ei: h-'i-  lo  colhipse  c)r  expand. 

Com])ri  ss  til',  m  r.i;:r«r  to  each  o;lier,  us  C  and  1).  atul,  suddenly 

setliii;',-  ihem  ai    li'.ity,  A                                            H 

ihey    will    sep:M;:'e,  i:(il  .    .,   .                   ,v         a        /* 

merely  lo  ili'.ir  o:".:'i:i;vi 

disiatiee,  \,u'  !)eV):j(l  ii,  v.i_--    v 


sAAXi^ 


as  at  K  and  ]•'.     Noi\,  if  /'-r^.   h  \  \  a^' 

we  .suppt>se  A  15  to   re-  <'   .J     f]g.\;\Ar 


v^-x^ 


pn  :ie:i;    two    iit'.ms    of  vUi^^  ^   ^ 

sliMiiu  of  air,  oi*  of  anv 
elaslit  ll'.iid,  compiess- 
ed  as  C  1).  and  sudileu- 

ly   liberL-ffd,    thi-y   will,  i\  V 

by  the  <  ■  inbiuid  :'<'i(iu  of  their  elasticity  and  momentum,  sepa- 
rate to  I'-i,  or  t ',rre.il»(Mils.  'I'liu.s  hi^jh-pressur**  sleam,  on  sud- 
denly lakinj.;  oil*  all  pressure  beyond  Ihalof  ihe  almrtsphere,  is  con- 
verted iuto  Iow-j)ressuie  sleam,  and  ils  temperature  falls,  iu  con- 
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sequence  of  the  law  which  ccvinects  the  rarefaction  of  clastic  fluids 
with  an  absorption  of  caloric.  It  is  quite  in  accordance  with  this 
theory  that  the  more  stron^^Iy  steam  is  compressed,  the  more  di- 
lated and  the  colder  it  is  on  being  suddenly  released  from  pressui'e. 

XIV-  Conversion  of  /Mjiiiils  info  Vapours  under  sfrons^  Pressure. 
— It  is  well  known  that  by  means  of  a  Papin's  digester  we  are  ena- 
bled to  raise  the  temperature  of  liquids  considerably  above  the 
points,  at  which  they  boil  under  the  mean  pressure  of  the  atmo- 
sphere; and  it  seemed  prolialilc  that  the  internal  pressure,  aug- 
menting with  the  temperature,  must  elTeclually  prevent  the  total 
volatilization  of  the  liquid,  especiully  if  the  space,  left  above  the 
lic^uid,  is  not  of  a  certain  extent,  liut  provided  sufficient  space  is 
allowed  for  the  generated  vapour,  it  appeared  to  Mr.  Cagniard  de 
la  Tour  a  necessary  consequence,  that  there  should  be  a  limit  be- 
yond which  these  liquids  ought,  notwithstanding  the  pressure,  to 
be  completely  volatilized ;  and  to  verify  this  opinion  he  was  led  to 
make  some  interesting  experiments. 

A  strong  glass  tube,  containing  about  two-fifths  its  capacity  of 
alcohol,  sp.  gr.  .SST^  being  carefully  heated,  the  alcohol  continued 
to  expand,  till,  after  having  attained  nearly  double  its  original  vo- 
lume, it  was  converted  into  vapour  so  transparent,  that  the  tube 
appeared  completely  empty.  Allowing  it  to  cool,  the  alcohol  was 
again  condensed  into  a  li([uid.  When  the  j)roportion  of  alcohol 
to  the  capacity  of  the  tube  was  increased,  the  consequence  ^viis  the 
bursting  of  the  tube.  Similar  results  were  ol)tained  with  naphtha 
and  ether,  the  latter  re(|uiring  less  space  than  the  former  for  being 
converted  into  vapour  without  breaking  the  tube  ;  and  naphtha  less 
space  than  alcohol.  No  diiVerence  was  occasioned  by  the  prt*sence 
of  utnioNphfric  uir  in  the  tubes,  or  its  exclusion  from  them,  except 
thai  the  ebullition  of  the  liquid  was  then  much  more  moderate. 

Tiie  same  success  clid  not  alleiul  the  first  ailenipt  to  convert  wa- 
ter into  \apour;  IopmIumi  a  lul)e,  about  oiie-tliird  filled  with  water, 
was  similarly  tieated,  it  l)ursl  uilh  an  explosion.  The  inner  sur- 
face of  the  glass  tube  appeand  also  to  ha\e  been  acted  upon,  its 
transpareiiry  being  impaired. 

M.  de  la  Tour  afterwards  iletermined  the  densities  of  these  va- 
pours, by  means  of  a  .ijauge  which  measured  the  bulk  of  a  confm- 
t:<l  portion  of  air,  subjected,  tliroui^h  the  intervention  of  a  column 
of  fjuicksilver,  to  the  pressuie  of  the  (jeiieraled  vapour.  Alcohol 
<orr.i-rted  into  vapour,  and  (jccupyinj^  a  space  a  little  exceeding 
iliiir  riines  tlie  \olume  of  the  original  li(|uid,  he  found  to  exert  a 
pre^surr  =  I  P.I  atni'isphn cs,  and  to  refpiin-  a  temj)erature  of 
404.0'  Faiireidieii.  I'.thrr,  unHcr  the  same  cinunistances,  requir- 
ed a  temperature'  of  M\[y  I'ahrt-n licit,  and  the  lurce  of  its  vapour 
was  cquiNalent  xo  oT  or  .»S  *iliiiosp]iercs;  I>isul))iiurel  of  carbon  re- 
quired 5ZT~  l*"ahrenh«it.  and  the  pressure  of  its  vapour  was  etjual 
lo  78  a:mosi)heres.  Water,  to  which  a  minute  (juantity  of  carbo- 
nate of  soda  had  been  added,  ceas<'d  to  act  upon  glass  tubes;  and, 
though  Several  lubt-s  were  l)roken,  it  was  ascertained  that  water  it- 
self may  be  converted  into  vapour,  pioxided  the  vacant  space  ex- 
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ceed  its  volume  about  four  times.  (Annates  de  Chimieet  de  Phys. 
xxi.  12r,  178,  xxii.  410,  or  Ann.  of  Philos.  v.  29a) 

XV.  The  evaporation  of  water  is  carried  on  much  more  rajndh/  iiij- 
der  a  diminished  pressure^  esperialh/  if  the  rajwur.  iMrh  is  formed, 
be  condensed  us  soon  as  it  is  prodaceil,  so  as  to  maitUain  the  vacuum. 

On  this  principle  depends  Mr.  Leslie's  new  and  inj^cnious  mode 
of  IVeezinp^  water,  in  an  atmosphere  of  any  common  temperature, 
by  producing  a  rapid  evaporation  from  the  surface  of  the  water  it- 
self. The  water  to  be  congealed  is  contained  in  a  shallow  vessrl, 
which  is  supported  above  another  vessel,  containing  strong  sulphu- 
ric acid,  or  dry  muriate  of  lime,  or  even  dried  garden  mould  or 
parched  oatmeal.  Any  substance,  indeed,  that  powerfully  attracts 
moisture,  may  he  applied  to  this  purpose.  The  whole  is  covered 
by  the  receiver  of  an  air-pump,  which  is  rapidly  exhausted  ;  and, 
as  soon  as  this  is  effected,  crystals  of  ice  begin  to  shoot  in  the  wa- 
ter, and  a  considerable  quantity  of  air  makes  its  escape,  after 
which  the  whole  of  the  water  becomes  solid.  The  rarefaction  re- 
quired is  to  about  100  times;  but  to  support  congelation,  after  it 
has  taken  place,  20  or  even  10  times  arc  sufficient.  The  sulphuric 
acid  becomes  very  warm;  and  it  is  remarkable,  that  if  the  vacuum 
be  kept  up,  the  ice  itself  evaporates.  In  five  or  six  days,  ice  of  an 
inch  in  thickness  will  entirely  disappear.  The  acid  continues  to 
act  till  it  has  absorbed  an  equal  volume  of  water. 

An  elegant  manner  of  making  the  ex- 
periment is  to  cover  the  vessel  of  water 
with  a  plate  of  metal  or  glass,  fixed  to 
the  end  of  a  sliding  wire,  which  must  ])ass 
through  the  neck  of  the  receiver,  and  be, 
at  the  same  time,  air-tight,  and  capable 
of  being  drawn  upwards.  (See  the  an- 
nexed figure.)  The  receiver  being  exhaust- 
ed, the  water  will  continue  fluid,  till  the 
cover  is  removed,  when,  in  less  than  five 
minutes,  needle  shaped  crystals  of  ice  will 
shoot  through  it,  and  the  whole  will  soon 
become  frozen.  If  this  should  not  hap- 
pen, a  slight  but  smart  blow,  given  to  the 
air-pump,  will  often  occasion  immediate 
congelation. 

In  this  interesting  process,  if  it  were 
not  for  the  sulphuric  acid,  an  atmosphere 
of  a(|ueous  vapour  would  fill  the  receiver; 
and  this,  pressing  on  the  surface  of  the 
water,  ^\ould  prevent  the  further  produc- 
tion of  vapour.  But  the  steam  which  rises,  being  condensed  the 
moirient  it  is  formed,  the  evaporation  goes  on  very  rapidly,  and  has 
no  limits  but  the  quantity  of  the  water,  and  the  diminished  con- 
centration of  the  acid.* 


•  The  most  complete  account  of  this  new  mode  of  t'rcczin)?  is  to  be  found  in 
the  Supplement  to  the  Encycl.  Ilrit.  Art.  Coli». 
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It  is  on  the  same  principle  that  the  instrument  invented  by  Dr. 
Wollaston,  and  termed  by  him  the  Cryophorus^  or  Frost-bearer^  is 
founded.  It  may  be  formed  by  taking  a  glass  lube,  having  an  in- 
ternal diameter  of  about  -Jth  of  an  inch,  the  tube  being  bent  to  a 
right  angle,  at  the  distance  of  half  an  inch  from  each  ball,  thus : 


3 


One  of  these  balls  should  be  at)out  half  filled  with  water,  and  the 
other  should  l>e  as  perfect  a  vacuum  as  ran  readily  be  obtained,  the 
nicMJe  of  effecting  which  is  well  known  to  those  accustomed  to  blow 
glass.  One  of  the  balls  is  ma<le  to  terminate  in  a  capillary  tube; 
and  when  the  water  in  the  other  ball  has  been  boiled  over  a  lamp 
a  considerable  time,  till  all  the  air  is  expelled,  the  capillary  extre- 
inity«  through  which  the  steam  is  still  issuing  with  violence,  is 
held  in  the  flame  of  the  lamp,  till  the  force  of  the  vapour  is  so 
far  reduced  that  the  heat  of  the  ilame  has  power  to  seal  it  hcrme- 
ticullv. 

When  an  instrument  of  this  kind  is  well  prepared,  if  the  empty 
ball  be  immersed  in  a  mixture  of  snow  and  salt,  the  water  in  the 
other  ball,  though  at  the  distance  of  two  or  three  feet,  will  be  frozen 
sdlid  in  the  course  of  a  verv  few  minutes. 
The  experiment  may  b*-  rendered  still  more 
striking,  if  performed  according  to  Dr. 
Marcet's  modification  of  it:  the  empty  (low- 
er) ball,  covered  with  a  little  moist  ilannel, 
is  to  be  suspended,  in  the  manner  shown  by 
the  annexed  sketch,  within  a  receiver,  over 
a  shallow  vessel  of  strong  sulphuric  acid, 
and  the  receiver  is  then  to  be  exhausted. 
In  both  cases,  the  va|)our  present  in  the 
empty  ball  is  condensed  l)y  th«'  operation  of 
cold ;  and  the  vacuum,  produced  ))y  this 
condensation,  gives  op])orl unity  for  a  fresh 
quantity  to  arise  from  the  onjiosite  ball,  with 
a  proportional  reduction  ol  the  temperature 
of  its  contents. 

An  ingenious  a])plicalion  of  the  fact  that  evaporation  takes  place 
in  raofr),  at  a  lower  temperature  than  under  common  pressures, 
was  made  by  the  late  Mr.  Kdward  Howard,  to  the  concentration 
of  syrup  in  the  process  of  retiiiing  sugar.  The  syrup,  in  his  mc*- 
thod,is  enclosed  in  an  air-tight  vessel,  from  which  the  atmospheric 
air  is  extracted  mechanically  by  a  pump,  and  the  evaporation, 
therefore,  goes  on  at  a  low  degree  of  heal,  which  secures  the  sy- 
rup from  injury.  (Repertory  of  Arts,  series  2,  vols.  2.>  and  *25.) 
Mr.  J.  J.  Barry  obtains  a  vacuum  in  a  cheaper  and  easier  manner, 
by  the  condensation  of  steam,  applied  in  a  way  which  would  not 
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be  understood  without  a  plate,  and  of  which  it  may  be  sufiicient  to 
say  that  he  can  maintain,  in  the  liciuid  to  be  evaporated,  a  steady 
temperature  of  from  90®  to  100"  ralir.  Mr.  Barry's  process  is  pe- 
culiarly adapted  to  tlie  preparation  of  medicinal  extracts,  the  active 
portion  of  which  is  liu!)le  to  be  decomposed  at  a  heat  considerably 
below  that  of  boiling  water.  (See  Transact,  of  the  Medico-Chi' 
rur^;.  Soc.  of  London,  vol.  10.  j 

The  tar^e  (|uantity  of  caloric,  latent  in  steam,  renders  its  appli- 
cation extremely  useful  for  practical  purposes.  Thus,  water  may 
be  heated,  at  a  considerable  distance  from  the  source  of  heat,  by 
Icnjj^thenin}^  the  conductinj[i;  pipe  e,  H^.  46.  This  furnishes  us  with 
a  commodious  method  of  wunninj;  the  water  of  baths,  which,  in 
certain  cases  of  disease,  it  is  of  importance  to  have  near  the  pa- 
tient's bed-room;  for  the  boiler,  in  which  the  water  is  heated,  may 
thus  be  placed  on  the  ground-floor,  or  in  the  cellar  of  a  house,  and 
the  steam  conveyed  by  pipes  into  an  upper  apartment.  Steam  may 
also  be  applied  to  the  purpose  of  heating;  or  evaporating  water,  by 
a  modification  of  the  a^sparatus.  ¥i^,  46,  g^  represents  the  appara- 
tus for  boiling  water  by  the  condensation  of  steam,  without  adding 
to  its  quantity,  a  circumstance  occasionally  of  considerable  im- 
portance. The  steam  is  received  between  the  vessel,  which  con- 
tains the  water  to  be  heated,  and  an  exterior  case;  it  imparts  its 
caloric  to  the  water,  through  the  substance  of  the  vessel;  is  thus 
condensed,  and  returns  to  the  boiler  by  the  perpendicular  pipe. 
y\n  alteration  of  the  form  of  the  vessels  adapts  it  to  evaporation 
(fig.  40,  //.)  This  method  of  evaj)oration  is  admirably  suited  to  the 
concentration  of  li(|uids,  that  are  decomposed*  or  injured,  by  a 
higlirr  temperature  than  that  of  boiling  ualor,  such  as  medicinal 
extracts;  to  the  drying  of  precipitales,  ice.  In  the  employment 
of  cither  of  these  vessels,  it  is  expedient  to  surround  it  with  some 
slow  roiidm  tor  of  heal.  On  a  sukiII  .-jcalc,  a  few  folds  of  woollen 
clo'.h  are  siilVn  i4'iit  ;  and,  whin  ihc  vessel  is  constructed  of  a  large 
size  Uw  practical  use,  this  purpose  is  served  l)y  the  brickwork  in 
whicli^l  is  ])laced. 


SIX  TI()\  V. 
i'dlorir  thr  ('(insr  i>f  prnnnnfullj/  dastiv  FluldUif. — (iencral  Propcrtia 

From  the  facts  \\liit  Ii  have  In-en  detailed  in  the  last  section,  it 
ujipcars  t!j;it  in  \.ipnui's,  strictly  so  called,  such  as  the  steam  o 
waii-r,  caluiir  is  rciaiiu'd  uiili  hul  little  force;  for  it  cjuils  the  water 
wh<'u  the  \a])our  is  merely  exposed  to  a  Ujwer  temperature.  But, 
in  |)erm:in<"ntlv  clasric  ilui'ls,  «  alori(  is  held  verv  forciblv,  and  no 
diininuiioTi  of  temperature,  tliat  has  ever  yet  been  eflecled,  caa. 
separate  it  I'lum  somi-  of  i hem.  Thus  the  air  of  our  atmosphere, 
in  the  most  intense  artifn  iai  or  natural  cold,  still  continues  in  the 
aerifurm  slate.     Hence  is  derived  one  character  of  gases*  viz,,  that 
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they  remain  aeriform  under  almost  all  varialioiisuf  ))rossurc  ami 
temperature,  and  in  this  class  arc  also  included  those  aerial  bodies, 
%vhich«  being  immediately  condensed  by  contact  wih  water,  re(juirc 
confinement  over  mercury.  The  foUowini;  experiment  will  show  that 
the  caloric  contained  in  jjasos  is  chemically  combined,  or  at  least 
that  it  is  inappreciiible  by  the  iheniiometcr. 

Into  a  small  reiort  (phite  ii.  fig.  2(j,  h)  j)ut  an  ounce  or  two  of 
well  dried  common  salt,  and  about  halfiis  wright  of  sulphuric  acid. 
By  this  process,  a  g^reat  (luanlity  of  ijas  is  produced,  which  mij^ht 
be  received  and  collected  over  mercuri".  Hut,  to  serve  the  puq)osc 
of  ihis  experiment,  let  it  pass  through  a  glass  balloon,  r,  having 
three  openings,  into  one  of  which  the  neck  of  the  retort  passes, 
while  from  the  other,  a  tube,  r,  proceeds,  which  ends  in  a  vessel 
of  water, yi  of  the  temperature  of  the  atmospluMC.  Before  closing 
the  apparatus,  let  a  thermometer,  r/,  l)o  included  in  the  balloon,  to 
show  the  temperattire  of  the  gas.  It  will  bv  found  that  the  mercury, 
in  this  thermometer,  will  rise  only  a  few  degrees,  whereas  the  water, 
in  the  vessel  which  receives  the  bent  tul)e,  will  soon  become  almost 
boiling  hoi.  In  this  instance,  caloric  Hows  from  the  lamj)  to  the 
muriatic  arid,  and  converts  ii  into  <<vis;  but  tlie  ln-al.  thus  expended, 
is  not   indif  ati'd  bv  the  thennoiueter.    The  calotie,   hov.  e\er,    is 

« 

again  evolved,  v, hen  the  gas  is  condensed  ])y  wairr.    In  this  «'\peri- 

nient,  we  truce  caloric    into  a  latent  state,  and  again  into  the  stale 

of  free  or  uncombined  Ciiloiic. 

lor  demonstrating  the   inlluencc  of  variations  of  atmospheric 

pressure  on   ihv  ftn'imtfln/i  ni'  gases,  l)eller  cxperiinenls  cannot  bo 

deiised  than  lliose  of  I.avoisiei'.'     Hut,  as  some  studejits,  who  have 

the  use  of  an  air-puni]),  may  not  possess  the  aj)jiar;itus  described 

by  Lavoisier  (the  glass  bill  and  sliding  wire},  il  may  be  proper  to 

point  out  an  easier  mode  of  slniwing  the  same   fad.   This  proof  is 

fu^ni^hed  l)y  the  experiment  alreatly  described,  in  which  sulphui'ic 

•  ither  is  made  to  assume  altern.i'ieiy  an  iLeritorm  :ind  TKiuid  stal<t,  l>y 

lx"Tno\ing  and  restoring  the  pressure  <^f  the  uf  ii';sj)]u're. 

It  was  lon:^  a''o  su'.:\Ts!rd  hv  Mr.  l)ah'>n  C.Mui.mi.   Soc.   Mem. 
■J     -J  ■ J ■ 1  •  \ 

V.  5.50, )  that  all  ga^es  are  converiible  inio  rnjuids.     ''Then*  can 
^r2.ni.-ly,*'  he  observes,  **be  a  d  )ubl  enleriained  n-'^jjecling  the  re- 
<l'ic  ibility  <*f  all  elastic  lluids,  <jf  whate\er  kind,   into  licpiids;  and 
"\ve  ought  not  to  despair  of  efVe<  ting  it  in  low  temperaltires,  aiul  by 
strong  pressure,  exerted  upoti  ihe  unmixed  gases."  It  fortunately 
«:KCurnd  to  Mr.  Faraday  tliat  the.  nujsi  probal)li'  means  of  exhibit- 
ing gases  (or  rather  what,  under  ordinary  circumstances,   uould 
l)e  such",  in  tin*  liii'iid  state,  wr^uld  be  to  istitfraf'  them  under  strong 
pr^'ssure;  and  his  expeiimenis  l.ave  cotiliinied  this  sagacious  con- 
jecture.   When  thus  jjiodueed  in  strting  glass  tubes,  they  continued 
lifpiid  at  low  temprratures,  while  the  pressure  was  kept  up,  but, 
on  removing  the  pressure,  instantly  passed  ii»to  the  gaseous  state. 
S<ime  of  (hem  evinced  so  strong  a  tendency  to  become  permaiu'iiily 
elastic,   that  the  tubes  containing  them  exploded  spontaneously, 
with  great  violence,  by  a  slight  increase  of  the  temperature  of  the 

*  Sec  hifl  KlcmcntSy  chap.  i. 
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atmosphere.  The  gases  thus  liquefied  were  chlorine,  euchloriaey 
sulphui-ctecl  hydro^n,  nitrous  oxide,  cyanogen,  ammonia,  and 
muriatic,  sulphurous,  and  carbonic  acids.  The  last-mentioned  fluid 
required  fur  its  cunBncmcnt  much  stronger  tubes  than  any  of  the 
others,  and  produced  the  most  violent  and  dangerous  explosion!. 
(Phil.  Trans.  18i2;),  p.  IGI,  189.)  The  liquids  thus  produced  may 
probably,  as  Sir  li.  Davy  has  suggested,  become  most  powerful 
mechanical  agents;  and  experiments  with  this  view  were,  some 
time  ago,  put  in  train  by  M.  Brunei,  (Quart.  Joum.  xxL  131,)  the 
results  of  which  have  not  yet  been  published. 

Gases,  when  once  formed^  undergo  a  considerable  change  of  bulk 
by  variations  of  external  pressure.  The  general  law,  first,  I  believe, 
established  on  this  subject,  by  Mariotte,  is,  that  the  volume  f^gOMii 
is  inversely  an  the  contprciftting  force.  If,  for  example,  we  nave  a 
quantity  of  gas,  occupying,  under  the  common  pressure  of  the  at- 
mosphere, 6<)  cubic  inches,  it  will  Rll  the  space  of  only  SO  cubic 
inches,  or  one  half,  under  a  double  pressure;  of  20  inches,  or  one 
third,  under  a  triple  pressure;  of  15  inches,  or  one  fourth,  under 
four  times  the  pressure;  and  so  on. 

These  results,  so  far  as  res|)ecis  the  more  permanent  g^8es,liave 
been  confirmed  by  Oersted,  (Quart.  Journ.  xxii.  198)  who  carried 
the  compression  of  air  as  far  as  110  atmospheres.  But,  with  re* 
spect  to  some  of  the  more  easily  liquefiable  gases,  Despretz  has 
found  that  they  deviate  sensibly  from  Mariotte's  law.  This  is  the 
case  with  sulphureted  hydrogen,  sulphurous  acid,  cyanogen,  and 
ammonia,  even  when  c(impletely  deprived  of  hygrometric  mois- 
ture.   (Ann.  de  Ch.  et  Phys.  xxxiv.  335,  443.) 

The  law  of  the  dilat ability  of  snavn  by  heat  has  already  been  slat- 
ed to  be  an  (Mihiri^rnivni  of  al)uui  -J^lh  part  of  their  bulk  for  each 
degree  of   I'ahrcnhrii's  scale,   between  the  freezing  and  boiling 
points  of  water.    It  is,  ho^\ever.  necessary,  that  the  gases  submit- 
ted to  exi)erinient  should  be  perfectly  dej)rived  of  aqueous  vapour.     . 
These  expansions,  it  lias  been  sho^\n  by  Sir  11.  Davy,  continue  ex — 
actly  the  same  in  dry  eomprcssed  air,  at  temperatures  between  3C^*^ 
and  ^liV.  and  also  in  air  confined  by  columns  of  quicksilver^  whe-^ 
ther  the  air  was  J,  5,  or  ^  of  its  natural  density.    (l*hil.  Trans.  . 
182.1,  J).  ^2()4.) 

.7//  i:a>i(H  (J hi f tit  a  reduction  of  their  temperature  by  mechmiicak 
rartfartion,  ami  an  t  rut  at  inn.  if  heat  by  rontlennation^  of  their  volume. 
It  had  lon;<  l)een  knoun,  that,  if  a  tlierniometer  be  enclosed  in  cs 
reeeiver,  and  the  air  l)e  suddenly  condensed,  the  thermometer  rises ^ 
and,  if  the  air  be  ruj)iilly  exhausted,  it  falls,  but  in  each  case  onl)^ 
a  few  <U'!n:rees  alxtve  or  below  the  temperature  of  the  atmosphere.  ^3 
Mr.  Daltun,  sirurk  ui;h  the  saddnim.sit  of  the  rise  or  fall,  was  th< 
first   in  susp<i  I  that  tlie  elianj^'^e  of  t('nij)erature  is,  in  each  case* 
jMurh  jcreaier  than  is  indicated  by  the  meicurial  thermometer,  ll  -■ 
contrive<l,  the  re  ion-,  a  ^e^y  simple  and  beautiful  method  of  deterv 
mining  th<'  real  aniouiit  of  the  rlian^e.     ^\'ith  this  view,  he  look 
lan^i-  reriiver.  and  enclosed  in  ii  a  j.p*adualed  tube,  one-iiftccnth 
an  iiK  h  dianii-ti-r.  bent  s\  phonw  ise,  as  in   the  fif^ure,  sealed  at  tl 
•  nd  /',  and  open  ai  the  extremity  a.    Within  the  tube  was  a  shor        ^' 


/ 
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column  of  mercury,  c,  the  rise  or  fall  of  which,  by  any  p  ^ 
change  of  elasticity  of  the  air  in  the  tube,  or  in  the  re- 
ceiver, rendered  it  a  proper  manometer^  or  measurer  of 
rarefaelkm*    He  next  doubled  the  density  of  the  air  in 
The  receiver,  and  of  course  the  mercurial  column  was 
forced  down  till  the  air  in  the  closed  part  of  the  syphon 
occupied  only  half  its  original  bulk.    Then,  suddenly 
openmj^  the  cock  attached  to  the  receiver,  the  mercu- 
rial column  ran  up  quickly  to  its  former  station.    At 
this  moment  the  cock  was  suddenly  shut,  which  caused 
the  mercurial  column  again  to  fall  down  gradually  for 
five  or  ten  seconds,  to  the  amount  nearly  of  one-tenth 
of  the  column  of  air  included  in  the  manometer,  when  it  became 
stationary.    Once  more  opening  the  cock,  air  rushed  out  of  the 
receiver^  and  the  mercury  regained  its  position  at  c 

When  the  experiment  was  reversed,  by  exhausting  a  receiver, 
under  which  the  same  manometer  was  placed,  with  the  mercurial 
column  stationed  at  the  commencement  at  </,  the  phenomena  took 
place  in  a  reversed  order.  At  first  the  mercury  rose  to  c;  on  open- 
ing the  cock  it  fell  to  d;  on  shutting,  it  retrograded  towards  c; 
and,  on  again  opening  the  cock,  established  itself  at  d. 

These  facts,  which,  though  observed  only  with  respect  to  atmo- 
spheric air,  would  no  doubt  take  place  with  some  variation  in  all 
leases,  are  explained  by  Mr.  Dalton  in  the  following  manner.  The 
air  in  the  receiver,  and  that  in  the  manometer,  are  subject  to  a  like 
degree  of  condensation  or  rarefaction,  or  very  nearly  so.     When 
the  equilibrium  of  heat  is  disturbed  by  condensing  or  expanding 
the  air,  it  is  restored  in  that  within  the  manometer  instantly,  by 
reason  of  the  extensive  surface  of  glass  to  which  that  air  is  ex- 
posed.    But,  in  the  large  receiver,  a  sensible  time,  of  ten  seconds 
or  more,  is  re(iuired  to  restore  the  e(]uilibrium  through  its  whole 
capacity.     It  is  this  restoration  that  increases  or  diminishes  the 
elasticity  of  the  air  in  the  receiver,  and  thereby  causes  the  mercu- 
rial column  to  retrograde.   Now  it  is  ascertained,  thai,  to  contract 
or  expand  a  portion  of  air  by  one-tenth  oi"  its  volume,  a  change  of 
tvmpL-ralure  equal  to  50'^  Taiji.  is  required.     It  follows,  therefore, 
til  III  in  ihi'  casi!  of  rrstoring  thtr  e<iuilil)rium  of  condensed  air, 
a'jout  50-  of  cold  art:  produced,  and,  in  letting  air  into  an  exhaust- 
ed receiver,  30 -^  of  heat  are  evolved.  The  phenomena,  Mr.  Dalton 
ascertained,  are  indrpendent  of  a(|Ueous  vapour,  and  are  more  re- 
markable in  dry  than  in  humid  air.   They  depend  on  the  diminish- 
ed capacity  of  air  for  heat  by  condensation,  and  its  increased  capa- 
city by  rarefaction,  and  are  common  to  all  gases;  but,  as  will  aj)- 
pear  when  we  comt*.  to  speak  of  the  specific  heat,  vary,  as  to  their 
extent,  in  different  gases. 

When  air  (and  no  doubt  any  other  gas)  is  suddenly  and  forcibly 
compressed,  in  a  syringf  frii-  instanrr,  tin*  quiintity  of"  «  ulorir  li- 
l)erated  by  ihe  fir^t  s1ir»kr  of  the  piston  i-»  sullicirnl  to  set  fire  to 
a  piece  of  the  tinder  called  amadou.  A  Hash  of  light  is  also  pei^ 
ceptiblr  at  the  monu-nt  of  condensation,  in  an  instrument  adapted 
for  showing  it,  by  a  glass  bottom.  This  fact  has  been  applied  to 
Veil..  I.  U 
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he  construction  of  a  portable  instrument  for  lighting  a  candle,^, 
consisting  of  a  common  syringe,  at  the  bottom  of  which  is  a  small 
chamber  for  containing  the  tinder.  The  condensation  of  the  ur 
by  a  smart  stroke  of  the  piston  produces  sufficient  heat  to  set  the 
tinder  on  fire.    (IMiil.  Mag.  vols.  14,  31,  and  40.) 

All  gases,  by  contact  with  water,  become  mingled  with  aqneouft 
vapour,  the  proportion  of  which  is  regulated  by  the  temperature 
and  pressure  to  which  the  gases  arc  subjected;  but,  those  circum- 
stances being  equal,  the  proportion  of  aqueous  vajwur  is  the  same  in 
every  s^aa.  This  subject  will  be  resumed  in  treating  of  atmosphe- 
ric air.  At  present  it  may  be  sufficient  to  observe  that  moisture 
may  be  absorbed  from  gases  by  substances  that  strongly  atiract 
watcri  such  as  quicklime,  chloride  of  calcium  which  has  been  re- 
cently fused,  sulphuric  acid,  &c.;  but,  to  effect  this,  it  is  necessary 
that  the  gas  should  be  confined,  in  contact  with  the  absor1>ent  sul>- 
stance,  over  well  dried  mercury.  When  a  glass  vessel,  containing 
any  gas  not  artificially  deprived  of  its  moisture,  is  cooled  below 
the  temperature  of  the  atmosphere,  moisture  is  condensed  in  small 
drops,  or,  if  a  freezing  mixture  be  applied,  in  the  form  of  a  thin 
film  of  ice,  on  the  inner  surface  of  the  vessel.  The  steam  present 
in  gases  is  also  rendered  visible,  by  suddenly  expanding  or  sud- 
denly condensing  their  volume.  In  the  first  case,  the  reduction  of 
temperature  which  takes  place,  amounting,  as  has  been  shown,  to 
50'  Faht.,  robs  the  aqueous  vapour  of  its  constituent  heat.  In  the 
second,  the  diminution  of  space,  essential  to  the  existence  of  va- 
pour, causes  the  ])recipit;vtioii  of  waler,  notwiihslimding  the  lem- 
pcrulure  e\olved  by  coiuleiisin^  ihe  air. 

WhiMi  a  body,  heated  to  a  cerliiiii  point,  is  plared  in  different 
gases,  under  c  ire  u  nisi  uncos  olhrrwise  similar,  it  is  found  lo  rool 
wilh  very  difl'erent  velocities;  in  olher  words,  the /lOjrir  <•/"  f/(i«/tr 
Jluida  to  rumiuct  htat  dij/i  rsfor  dt£\'nnt  i^ascs.  Dr.  Priestley  ap[>i'ars 
to  have  been  (iuitc  u\viii"c  of  this;  Mr.  Dalton  has  }>;i\en  a  series  of 
experiments  on  ihis  sui)ject;  and  Sir  11.  Duvy.  huvinj;  raised  the 
same  thormomeier  to  the  same  temperature.  l(i(>  Fahr.,  expuscil 
it  lo  et|ual  volumes  (^l  cubic  inches;  of  the  following  gases  at  o'S^ 
I'ahr. 

The  limes  for  cooling  down  to  lOG"*  were  for 


Mm. 

Sec. 

llin.  Sec 

Atmospheric  air 

0 

(Hygen       -     -     -     - 

.     1     47 

ll)dro^en        -     - 

-     -     0 

4j 

Nitrous  Oxide     -     - 

.     C     30 

Olefiunt  i^us     -     - 

-     -      1 

1,1 

C'arl)onir  Acid     -     - 

-     t2     45 

Coal  gus     -     -     - 

-     -     0 

:").") 

Chlorine     -     -     -     - 

.     3       b 

Azole     -     -     -     - 

-    -    1 

30 

II  ;s|)|>e:irs  from  this  T;i!)le,  tliiii  ilie  powers  of  riastic  fluids  to 
abstiu«  I  oi-  I  iiiidin  t  ;i\\;iy  heal  iVom  solid  surfaces  is  in  some  in- 
verse lati'i  W)  iheir  dt  iisiiy.  Tlie  nature  of  the  surface  of  the  hot 
bocl\,  ii  liar.  beiM  ^Imwii  hy  Duloni;  and  Petit,  does  not  affect  the 
eoii(lu(  lin;;  i>ov..'i  uf  ..isious  Ixxliis;  but  ihe  slate  of  the  gases 
ilMiiiselvo.  as  i.j  moiMtjri-  oi    f!rviK'>s,  has  a  considerable  influ- 
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encc;  for  mtuat  gases,  as  is  shown  by  Count  Rumford's  experi- 
mqpts,  conduct  heat  much  more  rapidly  than  dry  ones.  Difler- 
encca,  Jwwever,  in  the  tjiecifte  hml»  of  gases  (if  such  difTorcnccs 
rcatif  exist)  must  render  it  cltflirutt  to  dctcniiine  how  much  of  the 
effect  is  owing  to  that  cause,  and  how  much  to  a  real  difference  of 
conducting  power. 

Before  dinnissing  the  consideration  of  the  ^ases  in  general, 
there  are  a  few  properties,  which  it  may  he  proper  to  notice,  with 
die  view  of  comparinfT  the  degree  in  which  they  belong  to  differ- 
ent individuals  of  the  class. 

1.  The  exact  wpea/ic  gravity  of  the  different  gases  is  a  most  im- 
poTtint  element,  in  calculating  the  proportion  of  the  ingredients 
of  compound^  tnto  which  they  enter.  Nothing,  indeed,  can  show 
the  importance  of  this  object  more  strikiikgly  than  the  fact,  that 
on  the  precise  speciRc  gravities  of  hytlrogen  and  oxygen  gases,  de- 
pend the  whole  series  of  numbers,  which  are  used  to  express  the 
weights  of  the  atoms  of  bodies  on  the  Daltonian  theory.  The  fol- 
lowing Tabic  exhibits  the  specific  gravities  of  the  most  important 
bodies  of  this  class.* 

TABLE  OF  TnF.   SPECIFIC   GRAVITr  OF   UASBS.t 
BlromctcT  30.    Thermometer  60°, 


Nixu  or  Gios. 


Specific 

nciKlitot 

AomoaiTii* 

inches. 

GmiiiH. 

1.0000 

30.50 

Shuekburgh. 

l.OOOO 

30.199 

Unixtc. 

t31. 

Prout  and  mlton. 

i.ioaii 

33.82 

Altin  and  Pepys. 

1.1111 

;!::.HgS 

i.ioaii 

.'..l.fi^J 

Ilc-r/L-liiis  and  Dulong. 

2.i(JflJ 

rf...wo 

Davy. 

■2..WIXI 

ri;.j.io 

Tlmmioii. 

M.(;r« 

JH.(;7'J 

C;ay  l.iiiisic. 

K.iiin 

lijl.MM 

■I-liomwn. 

o.oiiy-1 

2.U6 

Uiit... 

■2xm 

Ilcrzcliua  ind  Dulaiis. 

o.'jrjj 

■  la.dSl 

-rliuniMn. 

ay?Go 

29.768 

Htraclim  and  Dulong. 

O.'tKWi 

1.1111 

IJ.OOST 
;;.!.MHK 

<;av  !.(issac. 
I'linmson. 

O.H.?.l.l 

■iSAVS 

Uitlo. 

E  Guu  ixD  Vm>ua«. 


Carfiin  (v 
Sulphur  ( 
MKMpli'in 


,  (.htt..)  - 


•  (iay  |ji-isac'«  Tnhic,  whinli  i^  mure  en 
not  rifducril  to  a  miun  iil'  tlir-  harointtir  an 
aon'i  Annili,  ix.  16j  ■  Tiblir  by  I'liilV-viiir 
Journal  of  Science,  &:.  ili.  415.  Ur.  Tlitin 
i>  primed  In  the  IBtb  inlumc  nt'  AntiaK  nf 
long'i  in  (lie  15th  volume  i>f  Annalrs  dc  Chlm.  cttic  I'h^  _.,__. 

t  The  fij^ures  in  the  urcond  cnlumn  will,  ol'  counc,  re^juire  to  be  ■Itcrei],  if 
100  cubic  inches  of  atmoipberic  lir  iihoiiH  he  aliown  tu  weigli  31  gndM,  not  30.3, 
ai  hitberto  allowrd. 


4,  but  in  which  tlic  niimbcn  arc 
iiTKinitttr.  i-i  cojiitd  into  Thom- 
iu  eke  or  Ilallc  is  inserted  in  the 
*  tlabnrutepaptron  tbissubjeet 
;  aiiil  Bcrzcliui  ind  Uu- 


TtAle  of  ba$ti  emtinued. 


NAXH  01  Gl«M. 


^p-»=  Kl? 


COMrOCBD    C<»BFaTI>Ut. 

Aimnonk .    - 

Ditto 

TAtXo 

CarbuKted  hydrogen  .... 

DiltD 

Olcliuit 

Ditto 

FhoiphuKtetl  hydrogen   -    ■    - 
Bi-bydro^rct  at'  phosphorus 
Sulphureted  hydrogen      -    -    . 
Bi'iulphurct  ot'  carbon  (I'spour) 
Aricnufeted  hydrogen      •    -    - 

Cvknogen       

Ditto 

Ether  sulphuric  ryapour)  -  - 
RtlieriDunatic  (ditto)  .  .  . 
Elher  bvdriodic  (ditto}  ■  ■  ■ 
Ether  chloric  (ditto)    .... 

Alcoliol  (ditto) 

Tiu]>«iitiiie,  oil  of  (ditto)-    .    . 


Ditto     - 
NUric  oxi 

Ditto     ' 


Carbonic   • 


Cliloruorbnnic  (Phosgene)  - 
Chlurucyanic  (vapour)  -  - 
Plunhfiric  ....... 

Fluo-Bilicic 

I[y<lrioi]ic  -■--... 
Iljnlni-cytnic  (vapour)  -  . 
Ilyponitruua  •■-... 
Muriatic  -'--... 
Nilroui  acid    •■-... 


Siilphumua 


0.591 S 
0.S55S 

0.5iyO 

o.yras 

0.9HM 
0.902r 
0.9722 
1.1805 

2.&:hs 

0.5t90 

I. ROSS 
1.81B8 
3.580H 
2.2190 
5.4750 
3.4750 
1.6004 
5.0130 


Sulphi 


■^  ("P-'O 


18.18 
18.003 
18.03 
16,944 
U.049 
29.652 
29.90 
27.S.7r 
30.653 
36.007 
60.486 
16.130 
55.069 
SS,*73 
78.714 
67.679 
166.987 
105.257 
48.S13 
153.896 


19.0fi3 
46.iyr 
46.iMJ 


lJJ.jrH 
2».572 
8U.4Iii 
39.1(15 
97.J.>fi 

1U..J7S 
67.777 
»4.69M 


u  and  Duloag. 


Ditto. 
IMtto. 
Ditto. 


Gay  LuMkc 

Benellntuid  Dulai(. 

Ditto. 

ThomtoD. 

Ditto. 

Ditto. 

Betieliua  ind  Dubag. 


Giv  Luisac. 
Tliomton. 

and  D  along.  _ 


'I'homsun. 
Ditto. 
Berzdiu)  ir 


Ditto. 

'I'liomson. 
Thcon-. 
3ir  H.Davy. 
I'homson. 
Ditto. 


To  the  nl)ovc  t.-ililc,  1  iDiisiiltT  it  <!i-siraMc  to  annex  aitot^^rr, 
latfly  cictliiced  by  M.  nmiias  fr.nn  tm  iiiKfuioH'.  and  elaborate  i«t 
or  expcritiienls,  which  form  the  siibjeet  tif  his  memoir  On  ^^  *?bi? 
Poiiitu  of  Ike  .'Ilomir  Thion/,  i>u1>lislie<l  in  the  .\nn.  dc  Chini.  t  «  (/..■ 
Physique,  nxxiii.  .>3r. 
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f  THE   DENSITIES  (oR   SPECIFIC   GRAVITIES)   OF   CERTAIN 
VAPOURS   AKD    GASES.      (aIR  ■=  !•} 


XB  OT  Yapoub  oe  Gas. 


of  phosphorus 
ed  hydrogen  -  • 
afiilicium  -  -  . 
ricftcid  •  .  .  - 
of  boron  -  -  • 
:  icid  .... 
deoftm  ... 
dc  of  tittnium 


us 


Densitjr  hj 

Dennty  by 

Experiment. 

Calculation. 

8.716 

8.6118 

6.976 

6.9783 

4.875 

4.8076 

2.695 

2.695 

5.9390 

5.9599 

3.600 

3.5973 

3.942 

4.0793 

2.3124 

2.3075 

9.1997 

8.993 

6.836 

7.047 

2.2052 

5.1839 

1.0197 

0.7487 

4.053 

2.107 

iolid  bodies^  that  possess  a  certain  degree  of  porosity^  are 
absorbing  gases.  This  was  first  observed  in  charcoal, 
of  which  to  condense  diflcrent  gases  will  be  fully  dcscrib- 
3CCtion  on  that  substance.  It  has  been  found,  also,  by 
jun.  to  belong  to  a  stone  called  meerschaum,  to  adhesive 
>tos,  rock  cork,  and  other  minerals ;  and  to  raw  silk  and 

following  general  princi])Ies  arc  deducible  from  the  cx- 
of  Saussure.* 

icccssary  to  deprive  the  solid  of  the  air  which  it  natu- 
ins.  When  of  a  nature  not  to  be  injured  by  heat,  this 
LXtually  done  by  igniting  the  solid,  and  quenching  it  un- 
ry,  where  it  is  to  be  kept,  till  admitted  to  a  given  volume 

to  be  ai)sorbed.  Solids  that  are  decomposable  by  heat 
prived,  though  less  effectually,  of  air,  by  placing  them 
ceivcr,  which  must  then  be  exhausted  by  the  air-pump, 
same  solid  al)sor!)s  dilVerent  <iuantities  of  different  gases, 
for  instance,  condenses  90  times  its  bulk  of  ammoniacal 
Dt  quite  twice  its  bulk  of  hydrogen, 
s,  chemically  the  same,  a])sorl)  different  quantities  of  the 

according  to  iluir  slate  of  mociianical  aggregation. 
iense  charcoal  of  i)ox-wood  absorbed  7-1  volumes  of  air, 
ht  charcoal,  prepared  from  cork,  did  not  al)sorb  a  sen- 
lily. 

rent  solids  absorl)  different  (juantities  of  the  same  gas; 
ty  of  carl)onic  acid  absorbed  by  charcoal  being  about 
:t  greater  than  that  absorbed  by  meerschaum. 
n  the  solid  exerts  no  chemical  action  on  the  gas,  the  ah- 
1  terminated  in  ^4  or  36  hours. 


*  Annals  of  Philosophy,  vi.  241. 
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G,  The  effect  of  moistening  the  solid  is  to  retard  the  absorption 
and  to  diminish  its  amount;  and  when  a  gas  has  actually, beem  ab- 
sorbed, it  is  again  driven  out  unchanged,  partly  by  water  of  tlK 
ordinary  temperatuiH!,  and  entirely  by  exposure  to  a  boiling  heat. 

r.  During  the  absorption  of  a  gas  by  a  solid,  the  temperature 
of  the  latter  rises  several  degrees,  and  tliis  rise  bears  a  proportion 
to  the  absorbability  of  the  gas,  and  the  rapidity  wkh  which  it  is 
condensed. 

8.  Solids  condense  a  greater  number  of  volumes  of  the  more  ab- 
soi-bable  gases,  under  a  rare  than  under  a  dense  atmosphere ;  but 
if  the  absorption  be  reckoned  by  weight,  it  is  most  conbiderable 
under  the  latter  state. 

9.  When  a  solid  saturat(;d  with  any  one  gas  is  introduced  into 
an  atmosphere  of  atiy  other  gas,  a  portion  oi  the  first  is  expelled, 
and  a  part  of  the  second  lakes  its  place. 

III.  Gofies  are  ahsorbal  by  liquiiU,  On  this  subject  the  following 
general  principles  may  be  laid  down. 

1.  The  same  licpiid  absorbs  diflerent  quantities  of  different  gases. 
Thus  water  takes  up  its  own  bulk  of  carbonic  acid,  and  not  one- 
fiftieth  of  its  bulk  of  hydrogen  gas. 

2.  Different  liquids  al>sor1}  different  quantities  of  the  same  gas. 
Alcohol,  for  instance,  absorl)s  almost  twice  as  much  carbonic  acid, 
as  is  taken  up  by  an  equal  volume  of  water. 

S.  The  absorption  is  promoted  by  first  freeing  the  liquid  from 
air,  either  by  lung  continued  boiling  in  a  vessel  with  a  narrow 
neck,  or  l)y  the  aii'-])unip.  It  recpiires,  also,  brisk  and  long  conti- 
nued agitation,  es[)L'(.  ially  with  the  less  absorbal)le  gases. 

4.  It  does  not  appear  that  the  gases  are  absorbed  by  all  liquids 
in  the  same  order.  I'or  example,  of  four  gases,  naphtha  absorF>s 
most  olefiant  gas;  oil  of  lavender  most  nitrous  oxide;  olive  oil 
most  rarbonie  acid  ;  and  solution  of  muriate  of  potassa  most  car- 
bcMiir  oxide. 

5.  The  \isridiiy  of  rKjuids,  llvough  it  does  not  much  influence  the 
anioiini  :L'i^«»r!)ed.  occasions  a  longer  time  to  be  spent  in  effecting 
ilie  abioijjiitiii.  ():i  ihe  oilier  hand,  the  amount  of  any  gas,  which 
is  all  curbed  by  ^^all'r,  is  diminisbe.I  i)y  fn  si  dissohiiig  in  ihc  wa- 
ter aiiv  saline  subsiunee. 

w 

(».  In  .i:i'iiei:J.  ihe  litrhti'st  lifjuids  posstrss  the  greatest  power  of 
;i'isoi'bini4,-  i^iLsr*,;  u  h«reas,  when  there  is  no  evident  chemical  ac- 
tion, the  lua\iisi  leases  arc  absorljcd  most  copiously  and  rapidly 
by  tlie  sume  li()uid. 

r.  riie  tenipeiatuiv  iS  a  Tuiuid  is  raised  by  the  absorption  of  a 
ga*".  in  pio);ortioii  to  the  amount  and  the  rapidity  of  the  absorption. 

8.  In  all  li<iuids  the  (piaTililies  of  leases  aI)sorbed  are  direrily  as 
the  |«n'ssiin'.  I'or  example,  a  liquiil,  v.  Iiich  absorbs  its  own  bulk 
of  ij.i^  under  the  pressure  u^  tin*  atmosphere,  will  still  absorb  its 
f)\Mi  Ijiilk  nf  ihr  s:imi'  j^as  under  double,  triple.  Sec.  pressure;  but 
its  own  l):i!k  of  ^r-^s,  twin*  (impressed,  is  equal  to  double  its  bulk 
of  j;.is  ordiiurily  »  o.uj)iessed,  and  so  on.  The  proofs  of  this  law 
I  ba\e  ;^i\en  at  length  in  the  IMiilosopliical  Transactions  for  1805. 

!>.   When  water,  or  probalily  any  other  liciuid,  is  agitated  with 
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a  limited  quantity  of  any  mixture  of  two  ^ascs,  it  docs  not  absorb 
one  ^as  to  the  exclusion  of  the  other,  but  absorbs  a  portion  of  both. 
Ill  this  case,  the  density  of  each  ^as  in  the  water  or  liquid  has  a 
constant  relation  to  that  without,y<)r  the  same  ffait.  Thus  in  carbo- 
nic acid  gas,  the  density  is  the  same  within  and  without  the  wa- 
ter;  in  olefiant  ^as  and  phosphureted  hydrogen,  the  density  within 
is  1-Sth  of  that  without;  in  oxygen  and  carbureted  hydroj»;en.  Sec. 
the  density  within  is  l-2rth  of  that  without;  in  azote  and  hvdro- 
gen,  it  is  about  l-oOth,  accordin.Lj  to  Dalion,  though  he  originally 
Slated  it  to  be  l-G4th,  under  the  impression  that  the  distances  of 
the  panicles  within  were  always  some  multiple  of  those  without. 
This  concise  enunciation  of  the  general  law,  deduced  by  Mr.  Dal- 
iiiU  from  his  experimental  in^juiries,  will  be  better  understood  by 
tlie  illustrations  contained  in  a  paper  puI)H^he(l  in  the  Annals  of 
Philosophy,  vii.  iiC,  where  the  reader  will  find  a  formula  for  as- 
crrtaining  the  quantities  of  mixed  j^ascs  absr)rbed  by  water. 

The  principle,  on  wiiirh  gases  are  absurl^ed  and  retained  by  li- 
([uids,  has  been  a  subject  of  controversy.  Hy  Herlhollet,  Thom- 
son, Saussure,  and  the  generality  of  chemists,  it  is  ascribed,  in  all 
«  ases,  to  the  exiTti(»n  of  a  <  liemirL-l  afVinllv  l)eLween  the  *ras  and 
tin:  liquid;  but  it  is  tunuiided  by  Mr.  Dalton  and  mysrlf  that  the 
ttlrcl  ill  most  cases  is  chiellv,  if  not  whollv,  nnjclianiial.  The 
flis«ussion  would  lead  me  inlD  dilails  of  t(M>  j;real  a  lenj;th ;  and  I 
It  fi  r,  ihfref'>re,  for  a  full  sKiti'nu-nt  of  I  hi*  aiscmueiil,  to  two  j)a- 
prrs  which  1  pvi!)lishetl  in  the  IM\\  and  lUh  voltum  s  oT  Nicholson's 
Journal:  to  Mr.  Dallon's  New  Sy^iUin  of  CditMuical  Philosophy; 
and  t)  lii.'»  essay,  in  the  Tth  Vf>hinii'  of  Dr.  Thomson's  Annals, 
which  contains  a  reply  to  liu-  <>I)ji'rti()n.s  advan'  ed  aj^ainsl  the  me- 
chanical iJKorv  bv  Saii^-iir',  in  ihe  llih  voliimt'  i)f  ilu:  sann-  work. 
This  re[>ly  sciii»s  to  have  uiiii':eonnla!)ly  ese-.uped  tlie  notice  of  se- 
veral w  rill  rs,  ;'lXi;i'zelius.  for  insti-jut:,)  wlio  coniiniu:  to  urge  the 
objections  of  Saussurr,  al'ler  thry  have  Ikmmi  fully  and  sutisfiicturily 
answered  by  Mr.  Dalton.  An  essay,  by  Mi'.  (iraUam,  on  the  al>- 
sorption  of  gases  by  water,  in  the  l'7th  vol.  N.  S.  of  Ann.  of  Phil., 
is,  liowevcr,  deservin;^  the  reader's  attention. 

IV.  (wui^tft  haw.  a  inntuul  fdilcuri/  to  (iiff'tfsif);i  throifich  each  other, 
Tliis  operates  to  surh  a  di'^^ri-c,  thai,  if  two  diilerent  gases  are 
|)la<'trd  in- communication,  eitln.'r  with  lar.ijje  surfaces,  or  by  a  nar- 
ri#w  tube  connecting  two  receivers,  rach  con  lain  in. (^  a  different  gas, 
ihey  are  found,  after  a  suftnient  time,  to  be  intimately  mixed. 
This  happens  even  \\hfn  the  ijases  have  very  difl'erenl  specific  gra- 
\i»irs.  in  this  rase  \.\\v.  lii^hier,  though  j)hued  uppermost  at  first, 
j^radually  descends,  and  mixts  with  the  hravier,  and  the  reverse. 
A  striking  instance  vjf  this  kind  will  be  given  in  speaking  of  hy- 
drogen j^as.  From  tin;  o!)'>rrvatio!is  of  Mr.  I'araday,  it  appears 
lliLtt  gases  kept  over  menuiy,  or  in  I)j)Il1  s  cU)sed  by  well  ground 
stojipers.  gradually  exchan;^*;  jjla<e.s  with  the  external  atmosphere, 
unci  arv  not  to  be  relied  on  for  their  purity  after  a  h)ng  interval  of 
Time,     ((juart.  Jcnirn.  wii. '2'2().) 

\'-  Tht!  velocities  with  whiih  dilVtreni  i^asrs.  v.hen  condensed 
artificially  by  the  satne  degree  of  pnrssure,  escape  through  a  ca- 
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pillary  tube,  has  been  shown  by  Mr.  Faraday  to  vary  very  coosi* 
dcrably.  (Quart.  Journal,  iii*  354,  vIL  106.)  The  following  table 
exhibits  the  comparative  times  required  by  some  of  the  gases  to 
escape  from  a  vessel  in  which  they  were  all  equally  compressed  at 
the  outset,  till  their  density  arrived  at  an  atmosphere  and  a  quar- 
ter. 

Carbonic  acid  required 156.5  minutes. 

defiant  gas 135.5 

Common  air       ---------  128 

Coal  gas        100 

Hydrogen --      57 

These  differences  cease  to  exist  at  low  pressures;  for  equal  vo- 
lumes of  hydrogen  and  olcfiant  gases  passed  through  the  same 
tube,  at  equal  low  pressures,  in  almost  the  same  time.  Through         ^ 
small  needle  holes,  hydrogen  gas,  pressed  by  a  small  column  of       "^ 
mercury,  escaped  about  three  times  more  quickly  than  olcfiant  gas.       «. 
Increasing  the  pressure,  the  same  proportions  were  observed;  and    ^'  ■ 
also,  though  not  to  the  same  degree,  when  the  gases  were  expelled  jEL^ 
through  slits  cut  by  a  penknife.    Roth  glass  and  metal  tubes  pro —  ^ 
duced  the  effect,  and  it  was  heightened  as  the  gas  was  made  ioc=z:»"< 
pass  more  slowly  through  the  tube,  and  this  whether  the  IncrcascdL.^  d 
time  was  caused  by  diminished  pressure,  increased  length  of  tube-=_^^, 
or  diminished  diameter.    The  specific  gravity  of  the  gases  seem    ^^s 
to  have  no  influence,  for  carbonic  acid,  olcfiant,  and  oxygen  gases^^^ 
under  thi^  sunii'  pressure  and  otiier  e(jui'.l  circumstances,  requinv      ^d 
resj)ertivi'ly  4'  0  ",  .>'  .V  ,  and  j'  45  ',  lor  the  escape  of  the  sam^BBC 
quantity  oi"  j;as ;  numbers,  as  will  bv:  seen  from  the  foregoing  TaMiaa- 
ble  ot*  Sj)ecific  (iravity  of  (lases.  hearing  no  proportion  to  the-~  .    ir 
relative  weiglus.     Wluit  is  sinj^ular  in  these  results  is,  that  the  r  <■ 

tio  for  the  same  J^as  \aries  with  the  pressure,  and  that  this  vari  a- 
lion  differs  in  differint  g;ises.  Thus  the  one  which  passes  wiv^Hh 
the  greatest  facility  al  luw  pressures,  passes  with  the  least  at  hi[^=^^h 
pressures. 

Tiiis  invesiii^uiiun  has  ])oen  pursued  and  extended  by  M.  Girar  "t^- 
f  Ann.  de  Chini.  el  de  IMiys.  xvi.  1^20.)  He  was  ])ermiited  to  ul  iO, 
h)r  his  expel  imenis,  the  gazonnter  rind  j)ipes  !)elonging  to  une  of 

tlie  j^as  lightin;^  estahlishnienis  at  Paris.  The  gases  operated  up  -^on 
were  common  air,  and  carbureted  hydrogen,  which,  wlien  allow  '-^^ 

to  escape  at  different  dv^ianets  from  the  g^/.omeler,  through  eq^"  u:tl 
apertures  in  a  tliree  Inch  i)ijje,  and  under  the  same  pressure,  g; — .=— avi- 
the  following  resiilts: 

The  distanres  being 1^88,  3758,  GC'28 

The  f|uantities  of  carl),  hyd.  were       -      ICSl,     710,     J II 
Ditto  of  common  air      -     -     -     -       <jr)!l,    541,     394 


The  escape  of  carbureted  hydrogen,  therefore,  considerably  <*!• 

ceeded  thai  of  common  air,  but  not  in  proj)ortion  to  its  infc         '"'t'''' 
specific  jri'ii^ilyi  ^^hich  is  not  much  more  than  half  that  of  llu""^    az- 
inosplii-re,  whilr  the  exeess  in  the  esrape  i»t'  the  lighter  gas  is^     ^'Z" 
from  being  double  that  of  the  hea\iei.     Similar  results  wirtr      <^^^ 


I 
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rhen  the  gases  were  expelled  through  tubes  of  7  lines  In 
:r,  or  through  an  aperture  in  the  side  of  the  gazometer,  the 
^s  being  discharged  in  both  cases  the  most  abundantly, 
itter  case,  each  gas  escaped  11  times  faster  than  when  it 
rmTerse  a  tube  of  the  same  diameter  as  the  hole,  and  ld7 
n  length.  In  all  cases,  equal  quantities  of  g^,  in  any  one 
ent,  escaped  in  equal  times. 

phenomena  of  the  movement  of  gases  through  pipes,  M. 
ihows,  arc  exactly  the  same  as  those  of  the  linear  move- 

incompressible  fluids ;  and  he  draws  several  conclusions, 
re  important  to  those  practically  engaged  in  operations 
[uire  the  transmission  of  gases  through  lone  tubes;  for 
however,  I  must  refer  the  reader  to  the  memoir  itself. 
The  colour  of  the  electric  sparky  when  transmitted  through  dif- 
ases,  has  bleen  observed  by  De  Grotthus*  to  be  as  follows : 
lospheric  air  of  double  density,  the  spark  was  more  bril- 
t  not  coloured. 

lydrogen  gas purple. 

>hosphureted  hydrogen red. 

immonia red. 

Iry  carbonic  acid  gas violet. 

3xyg^n  gas ditto. 

aqueous  vapour orange. 

5rofl?h:\^ celadonKrcen. 

'eneral  inference  from  his  experiments  is,  that  the  intensi- 
ctric  light  is  always  in  a  direct  proportion  to  the  density 
as,  and  in  the  inverse  proportion  to  the  conducting  power 
as  for  electricity.  « 

The  comparative  ftnniferous  properties  of  the  gases  have  been 
led  by  Messrs.  Kerby  and  Merrick ;  but,  as  these  belong 
}  mechanical  than  to  chemical  science,  I  shall  content  my- 
I  referring  to  the  account  of  them  in  the  27th  and  33d  vo- 
Nicholson*s  Journal,  and  in  the  45th  volume  of  the  Phi- 
al Maj^azinc;  and  to  Sir.  Leslie's  paper  on  sounds  excited 
gen  gas.    (Ann.  of  Phil.  N.  S.  iv.  172.) 


SUCTION  VI. 

Specific  Caloric. 

weights  of  the  same  body,  at  the  same  temperature,  con- 
sune  quantitirs  of  caloric.  Hut  equal  weights  of  differeni 
it  the  same  temperature,  contain  unequal  quantities  of  ca- 
The  quantity  of  caloric  which  one  body  contains,  compar- 
that  contained  in  another,  has  been  considered  by  Dr.  Ir^ 

*  8  J  Ann.  de  Cbim.  34. 
'oh.  I.  S 
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vine  and  others  to  be  proportional  to  their  9ptcific  heais^  a  tcim 
employed,  by  him  and  by  others,  to  dcnute  the  quantity  of  caloric 
which  a  body  requires,  in  order  to  be  heated  a  single  degree^  or 
through  a  certain  number  of  degrees,  relatively  to  that  required 
by  any  other  body  to  produce  the  same  change.  The  method  of 
determining  the  specijic  heat  or  specific  caloric  of  different  bodies  is 
as  follows : 

It  has  already  been  observed,  that  equal  weights  of  the  9ame  bo- 
dy, at  diflVrent  temperatures,  give,  on  admixture,  the  arithmetical 
moan.  Thus,  the  tcmpei'aturo  of  a  pint  of  hot  water  and  a  pint 
of  cold,  is,  after  mixture,  very  nearly  half  way  between  that  of  the 
two  extremes.  But  this  is  not  the  case  when  equal  quantities  of 
dij/vrmt  bodies,  at  difl'erent  temperatures,  arc  employed. 

(a)  If  a  pint  of  <|uicksilver,  at  100"  Fahrenheit,  be  mixed  with 
a  pint  of  water  at  4U'',  the  resulting  temperature  will  not  be  70® 
(the  arithmetical  mean),  but  only  GO"*.  Here  the  quicksilver  loses 
40°  of  heat,  which  nevertheless  raise  the  temperature  of  the  water 
only  ^(»" :  in  other  words,  a  larger  (luanlily  of  caloric  is  required 
to  raise  the  temj)erature  of  a  ]>int  of  water  than  that  of  a  pint  of 
mercury,  through  the  same  number  of  degrees.  Ilence  it  is  infer- 
red,  that  water  has  a  greater  capacity  for  caloric  than  is  inherent 
in  quicksilver. 

(Jb)  The  experiment  may  be  reversed  !)y  heating  the  water  to  a 
greater  degree  than  the  quicksilver.  If  the  water  be  at  100%  and 
the  mercury  at  40%  the  resulting  temperature  will  be  nearly  80°; 
bemuse  the  pint  of  hot  water  contains  more  caloric  than  is  neces- 
sary to  raise  the  (juicksilver  to  thi^  arithmetical  mean. 

(r)  l.iislly,  if  we  take  two  measures  of  (juicksilver  to  one  of  wa- 
ter, it  is  of  no  conseiiuence  which  is  the  hotter;  for  the  resulting 
ien;perature  is  always  the  mean  between  the  two  extremes ;  for  ex- 
ample, ro',  if  tlie  extremes  i)e  lUO^  and  40  .  Here,  it  is  manifest, 
that  the  same  ([uantity  of  caloric,  wliirh  makes  one  measure  of 
water  warmer  l)y  30  ,  issuffirient  for  making  two  measures  of  cjuick- 
silver  warmer  by  the  same  number.  Quieksiher  has,  iherefure,  a 
less  capac  ily  than  water  for  caloric,  in  the  proportion,  when  equal 
measures  ure  taken,  of  one  to  two. 

If,  insiciid  of  eciual  hulks  of  (juicksilver  atid  water,  we  had  taken 
equal  iril'jhts^  tlic  (lis])ai  ily  between  the  sjjecitic  caloric  of  the  mer- 
cury and  water  uculd  lia\e  been  still  greater.  Thus  a  pound  of 
wau^r  ai  100  mixrd  wiiii  a  jxiunil  of  mert  ury  at  40  ,  gives  a  lem- 
jieralure  (>f  •C:  ,  np  -27!  above  the  ariiliineilcal  iman.  In  this 
experiment,  the  water,  I)eing  cooled  from  KM)  U\  \K\  ,  has  lost  a 
quantity  of  (aliiii( ,  rediK  ini;  its  temjjeiature  only  :2;  ;  but  this 
calorir,  communicatetl  to  the  pound  of  mercury,  Jias  occasioned, 
in  its  temperature,  a  rise  of  n(i  less  than  :\\  .  Therefore,  a  tjuan- 
tily  of  calori*-,  necissary  to  raisi*  the  lemi)eraturc  of  a  pound  of 
wati-r  -V  ,  is  smIVh  irni  io  laisf  that  of  a  jxaind  of  mercury  371"; 
or,  by  the  lule  of  jut^jiution,  tin- caloii( ,  which  raises  the  tt-mpei*- 
ature  of  a  pound  of  w.iter  I  ,  will  raise  that  of  a  pound  of  (juick- 
silver about  \l^  .  Iltnrt-  it  is  infenrd,  that  the  quantity  of  cahirir 
contained  in  w  aler  i:,  lo  thai  t  oniaincd  m  the  same  icciirht  of  (luick- 
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Silver  as  23°  to  1°.    Or,  stating  the  caloric  of  water  at  1°,  that  of 
quicksilver  will  be  ^  part  of  1%  or  0.0435.* 

In  a  similar  manner  may  the  specific  heats  of  other  bodies  be  as- 
certained. If  a  pound  of  water  at  lOU*',  and  the  same  weight  of  oil 
at  50%  be  mixed,  the  resulting  temperature  is  not  75%  (the  mean) 
but  83 j®;  the  water,  therefore,  has  lost  only  16|^%  while  the  oil  has 
gained  33  j^.  Or,  if  equal  weights  of  water  at  50°,  and  oil  at  100% 
be  mixed,  the  resulting  temperature  is  663-*',  so  that  the  oil  has  giv- 
en out  33 1%  and  the  water  has  increased  only  16|°.  (Dr.  Thom- 
son's Chemistry,  vol.  i.)  Hence  the  heat,  which  raises  a  given 
weight  of  water  l**,  will  raise  the  same  weight  of  oil  2° ;  and,  as 
the  specific  heats  are  inversely  as  the  changes  of  temperature,  the 
specific  heat  of  water  may  be  called  1,  and  that  of  oil  0.5. 

In  some  instances,  it  is  not  possible  intimately  to  mix  together 
the  bodies  under  examination.  When  the  specific  heat  of  a  solid 
mass  of  metal  is  to  be  ascertained,  it  may  be  heated  throughout 
to  a  certain  degree,  and  then  surrounded  by  water  of  32°,  observ- 
ing the  increase  of  temperature  which  is  gained  by  the  water,  and 
calculating  the  specific  heat  in  the  same  manner  as  before.  This 
was  the  method  of  Wilcke ;  but  Lavoisier  and  Laplace  substituted 
ice  for  water,  placing;,  by  means  of  an  apparatus  called  the  Calorir 
mcter^  the  heated  body  in  the  centre  of  a  quantity  of  ice,  and  de- 
termining the  caloric  evolved,  by  the  fiuantity  of  ice  melted  in  each 
instance. 

When  this  comparison  is  extended  to  a  great  variety  of  bodies, 
they  will  be  found  to  differ  very  considerably  in  their  capacities 
for  caloric.  The  results  of  numerous  experiments  of  this  kind 
are  comprised  in  a  table  of  specific  caloric. t 

The  capacities  of  bodies  for  caloric,  influence,  considerably,  the 
rate  at  which  they  arc  heated  and  cooled.  In  general,  those  bo- 
dies are  most  slowly  heated,  and  cool  most  slowly,  which  have 
the  greatest  capacities  for  heaH  Thus,  if  water  and  quicksilver 
be  s<:t  in  similar  (]u amities,  and  at  e(iuiil  distances  before  the  fire, 
the  quicksilver  will  he  much  more  rapidly  healed  than  the  water; 
and,  on  removal  from  the  fire,  it  will  cool  with  proportionally 
greater  quickness  than  the  water.  By  ascertaining  then  the  com- 
parative rates  of  coolinj^,  we  may  determine,  with  tolerable  exact- 
ness, the  specific  caloric  of  bodies. 

It  has  been  doubled  whether  the  specific  heats  of  bodies  are  per- 
manent so  long  as  they  retain  their  form;  in  other  words,  whether 
a  quantity  of  heat,  which  raises  a  body  throuj^li  a  certain  number 
of  degrees  at  any  one  temperature,  will  raise  it  through  an  equal 
number  of  degrees  at  other  tem])cratures.  This  su))ject,  to  which 
Mp.  Dalton  had  forinerly  turned  his  attention, §  has  been  lately  in- 
vestigated more  completely  by  Petit  and  Dulong.'i  They  heated 
the  body  to  be  tried  to  the  reciuircd  temperatures,  and  ascertained 

*  The  above  numbers,  which  differ  from  tliusc  commonly  stated,  arc  given  on 
the  uitliurity  of  Mr.  Uallon. 
t  Sec  the  Appendix.  ♦  Sec  Martine  on  Heat,  p.  74. 

i  New  System,  i.  53.  .  I  Ann.  Pliilos.  xiii. 
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what  number  of  degrees  of  heat  it  communtcaied  to  a  certain  quan- 
tity of  water.  Repeating  these  trials  at  various  points  of  the  ther- 
mometric  scale,  they  found  that  the  specific  heats  of  bodies  are 
greater  at  high  than  at  low  temperatures.  Thus  the  specific  heat 
of  iron  was  found  to  be  as  follows : 


Centigrtde. 

From  0  to  100*' 
0  to  200** 
0  to  300** 


Spedfic  heat 

ai098 

ail50 

ai218 

Oto350*» 0.1255 

The  same  law  was  found  to  extend  to  various  other  bodies,  as 
is  shown  by  the  following  Table : 

8p.  heats  between  Sp.  heiti  between 

(r  and  100<>  cent.  0^  and  3(XP  catU 

Mercury 0.0330 a  0350 

Zinc 0.0927 ai015 

Antimony 0.0507 a  0549 

Silver a0557 ao6ll 

Copper 0.0949 a  1013 

Platmum 0.0355 a  0355 

Glass 0.1770 ai900 

Another  law,  deduced  by  Petit  and  Dulong,  from  their  researches 
on  heat,  is,  that  the  atoms  of  all  simple  bodies  have  preciseJy  the  same 
spedfic  htai.  This,  however,  is  to  be  considered,  at  present,  merely 
in  the  light  of  an  ingenious  sj)Cculation,  derived  from  a  train  of 
reasoning)  a  defect  in  any  pirt  of  which  must  be  fatal  to  the  con- 
clusions. (Soe  l)alton*s  Strictures,  in  his  New  System,  vol.  ii.  p. 
280.)  In  the  following  Table,  the  specific  heats  of  certain  metals, 
found  by  their  method,  is  given,  togi!lher  with  the  weights  of  the 
atoms  of  those  metals,  and  the  products  of  the  specific  heats  and 
weights  of  atoms. 


Bismuth 
I-.ead 
Gold 
Platinum 
Tin     -     - 
Silver 
Zmc   -     - 
Tellurium 
Copper   - 
Nickel     - 
Iron    -     - 
Cobalt     - 
Sulphur  - 


Sp.  heats, 

that  of  water 

being  I. 


O.Oi28» 
0.()£93 
0.0298 
0.0314 
0.0514 
0.0.1  jr 

o.()92r 

0.01>b3 
O.OlMl) 

aio.>j 

0.1  UN) 
0.1498 
0.1188 


Weight  of  the 
atoms,  that  of 
ozyg.  being  1. 


1  :>.  300 

12.950 

12.430 

ll.lGO 

7.350 

('».r50 

4.0:>0 

4.030 

3.9or 

3.  ()<K) 

3. 392 

2.4t^»0 

2.011 


Product  of  the 

u'cight  of  tlie 

atom  by  the 

sp.  heat 


0. 3830 
0.3794 
0.3704 
0.3740 
0.3779 
0.3759 
0.3736 
0. 3675 
0.3755 
0.3819 
0.3731 
0. 3G85 
0.3780 


^ 
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Specific  Heat  of  Oasts. 

The  determination  of  the  specific  heat  of  gases  is  a  difficult  and 
important  problem,  which  has  successively  employed  the  labour 
and  ingenuity  of  Crawford,  Lavoisier  and  De  la  Place,  Leslie, 
Gay  Lussac,  Dalton,  Delaroche  and  Bcrard,  *  Clement  and  De- 
sormes,  Delarive  and  Marcet,  and  others. 

Crawford  began  the  investigation,  and,  after  many  unsuccessful 
attempts,  adopted  the  following  method.  He  procured  two  cop- 
per vessels,  made  extremely  thin,  and  of  the  same  size,  shape,  and 
weight.  He  filled  one  of  these  vessels  with  the  gas  under  exami- 
nation, previously  deprived  of  moisture,  and  exhausted  the  other 
vessel  by  an  air  pump.  He  next  heated  both  vessels  by  plunging 
them  into  boiling  water,  and  then  suddenly  immersed  both  in  cy- 
linders containing  a  quantity  of  cold  water,  the  same  in  each,  just 
sufficient  to  cover  them.  The  vessel,  containing  air  or  any  gas, 
raised  the  temperature  of  the  water  surrounding  it  higher  than 
the  exhausted  vessel;  and,  subtracting  the  latter  increase  from  the 
former,  he  considered  the  remainder  as  the  effi:ct  produced  by  the 
included  gas,  and  as  indicating  its  specific  heat.  The  results  were 
exhibited  in  a  table,  which  it  is  unnecessary  to  insert,  as  they  are 
Tiow^  considered  to  be  very  remote  from  the  truth,  owing  to  the  de- 
fects of  the  metliod  of  research  employed  by  that  ingenious  phi- 
losopher. 

Lavoisier  and  Laplace,  pursuing  the  same  inquiry,  in  a  different 
way,  used  their  calorimeter,  through  which  they  passed  a  current 
of  gas,  by  means  of  a  serpentine  tube,  enveloped  by  ice.  The  gas 
i?as  heated  by  passing  it  through  another  serpentine,  surrounded 
by  boiling  water,  before  it  entered  the  calorimeter.  A  thennome- 
ter.  placed  at  each  end  of  the  serpentine  of  the  calorimeter,  mea- 
sured the  temperature  of  the  gas,  when  it  entered  and  when  it  came 
out  of  the  instrument.  This  mode  of  experimenting  is,  however, 
scarcely  less  objectionable  than  that  of  Crawford ;  and  the  calori- 
Tneter  itself  has  been  since  proved  to  be  liable  to  objections,  as  a 
measurer  of  heat,  which  prevent  the  results,  obtained  by  its  means, 
from  being  considered  as  more  than  loose  approximations. 

Mr.  I^slie  attempted  the  solution  of  the.  problem  by  a  method 
founded  on  the  following  principle.  If  into  a  large  glass  receiver, 
from  which  the  atmospheric  air  has  been  partly  exhausted,  any  gas 
l>e  allowed  to  enter,  the  dilated  air,  which  the  receiver  contains, 
will  be  condensed  ;  and  its  temperature  will  be  increased  by  a  con- 
stant quantity,  whatever  may  be  the  entering  gas.  But  the  gas 
which  is  adtnitt(rd  will  absorb  a  part  of  this  excess  of  heat,  and 
the  mixture  will  have  a  mean  temperature  between  that  of  the  en- 
tering gas,  and  that  which  it  would  have  acquirt;d,  if  it  had  not 
been  obliged  to  part  with  a  portion  of  its  heat.  Now  it  is  evident 
that  this  mean  temperature  will  be  so  much  the  lower,  the  greater 
the  specific  heat  of  the  gas  which  enters.  From  experiments  made 
in  this  way,  the  inference  seemed  to  follow,  that  equal  volumes  of 
hydrogen  and  atmospheric  air  have  the  same  specific  heat.  Analo- 
gous experiments,  however,  made  by  Gay  Lussac,  gave  different 
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to  Bsother,       ""  oi  nrocet        j,    u  consisted  in  pnsMng  lo  tbe 
ecMtre  of  ■  n       To[r,  wnerc  «  thermometer  was  niaccd,  tatt- 

KBta  of  two  <  ^[uca,  the  OM  hoi,  the  other  coM.  Knowing 

ttetempent     eot  i    :  two  giKt  before  their  mixtun-,  nnd  abo 
th^  of  the  uit,  n  wu  ^nj  to  liirer  the  ratio  of  their  specific 

heita.    The  numberk  thus  iabtalMd  do  not  ditFL-r  very  maierial); 
fivn  thoM  of  Delaroche  and  Benird. 

To  the  lut  meationed  philosophers  wc  are  indebted  for  Ih^  joint 
production  of  u  elaborate  memoir^  coniaining  tlie  n^sults  of  a  >et 
of'  experimeiita  made  with  mat  patience  and  lagacit)'.  To  their 
esiaj  (publiahed  in  the  85tn  Tolnmc  of  the  Ann.  de  Chim.  and  in 
the  Sd  voL  of  Thomaon'i  Anna]*,  IBl  3)  is  prefixed  an  excellent  ao- 
connt  of  all  that  liad  been  preri  done  on  the  ttsat  lubiveti 

Tliej  employed  a  calorimeter;  bni,  iii:  lead  of  usin^  ice,  ihej  n^ 
rounded  the  serpentine  tube,  fire  feet  in  length,  with  water  of  t 
g^reo  temperature,  and  passed  through  ii  a  li 
of  a  fdi^  temperature  (213»_)  in  an  uniform  current.  The  quao- 
tity  of  water,  and  the  capacity  of  tlic  containing  vessel  for  heat, 
were  previously  determined;  and  the  apparattis  had  ihc  nc^co»»l7 
appendages  for  ascertaining,  at  anyni'iiH  ru^  iln-  r^uuniiiy  of  heal- 
ed gas,  iHSsed  through  the  calorimeter,  as  well  as  the ' 
of  UMi  water.  In  tlils  way  each  gas  migiit  be  expected  to 
Iieat  to  the  water,  in  ^ater  or  less  quantity,  compared  with 
gases,  and  in  proportion  to  its  capacity.  The  following  Table  ttr 
bibits  the  results  of  tbetr  experiments : 
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TABLE  OF  THE  BPEOIPIO   HEATS  O 

F    SOKE  OASES. 

H*Mn  or  Oku. 

Under  equti 
volumes. 

Under  eqo*] 
weights 

SP.^^ 

Atmospheric  air  -    •    -    - 

Hydrogen  gas 

Oxygen  gas 

Nitrogen  gas 

Nitrous  oxide 

Olefiantgas 

Carbonic  oxide     -    -    .    - 
Carbonic  acid 

1.0000 
a9033 

1.0000 
1.3503 
1.5530 
1.0340 
1.258S 

1.0000 
19.340 
0.8848 
.1.0318 
0.8878 
1.5763 
1.0805 
0.8380 

i.moo. 
aozsr 

l.tOM 
0,9691 
1.5209 
a.98M 

a95(» 

1.5196 

TbbU  of  the  ^ptcific  Heat*  of  the  Gtua,  waltr  bting  lakm  as  tmi^ 


Water 1.0000 

Atmospheric  air     -    .  a«669 

.  Hydrojjen  gas    -     -     -  3.8936 

Carbonic  acid    -    -    -  a2210 

Oxygen a936l 


Azote aS754 

Protoxide  of  azote       -     aS369 
defiant  gas  -     - 
Oxide  of  carbon 
Steam  of  water 


a4aQr 
aasM 
asvo 
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To  the  results  of  Deiaroche  and  Bcrard  it  has  been  objected  by 
Mr.  Haycraft  (Ann.  dc  Chim.  et  Phys.  xxvi.  298,)  that  they  are 
too  dependent  on  calculations  and  corrections,  and  that  they  were, 
in  all  cases,  made  on  gases  charged  with  moisture  at  an  elevated 
temperature.  He  was,  therefore,  induced  to  contrive  an  apparatus, 
and  to  execute  a  set  of  experiments,  in  which  these  sources  of  fal- 
lacy should  be  avoided.  By  these  he  was  led  to  conclude  that  all 
gases,  simple  as  well  as  compound,  have  the  same  capacities  for 
heat.  This  view,  so  far  as  respects  simple  gases,- had  already  been 
taken  by  Petit  and  Duloiig,  from  reasoning  founded  on  the  facts  of 
Deiaroche  and  Bcrard ;  but  they  do  not  appear  to  have  thought  of 
extending  the  laws  tu  the  compound  gases. 

The  latest  attempt  to  ascertain  the  speciHc  heat  of  the  gases  is 
that  of  MM.  Aug.  de  la  Kive  and  F.  Murcet,  published  in  the  Ann. 
de  Ch.  et  de  Phys.  xxxv.  5.    Admitting  fully  the  merits  of  the  re- 
searches of  Deiaroche  atid  Bcrard,  they  are  still  of  opinit)n  that  a  . 
few  sources  of  fallacy  wore  not  provided  against  by  those  philoso- 

Sers,  which  are  sufficient  to  disturb  the  accuracy  of  their  results. 
M.  Marcet  and  De  la  Rive  undertook,  therefore,  a  new  set  of  ex- 
periments, and  extended  them  to  fourteen  different  gases,  all  pre- 
pared with  the  utmost  attention,  and  carefully  deprived  of  hygro- 
metrvc  moisture.  The  principle  of  their  method  was,  to  expose 
espial  volumes  of  diff<*rent  gases  to  an  uniform  source  of  heat,  dur- 
ing the  same  interval  of  time,  the  volume  of  gas  being  kept  uni- 
formly the  same  during  the  experiment.  By  the  augmentation  of 
elastic  force  in  each  gas,  lliey  judged  of  the  temperature  which  it 
possessed  at  the  end  of  the  iixed  period.  This  was  easily  deduced, 
by  means  of  the  law  which  connects  the  elastic  force  with  the  tem- 
perature of  gases.  It  was  found  that  all  the  gases  were  brought  to 
the  same  temperature  in  the  same  interval,  proving  that  they  have 
all  the  same  specific  heat,  with  the  single  exception  of  hydrogen 
j>^s.  This  gas  was  heated  -^V  of  a  ceiUrigrade  degree  higher,  than 
other  gases  under  the  same  circumstances;  not,  however,  the  au- 
thors appiThend,  from  any  difference  of  capacity,  but  because, 
being  a  much  better  conductor  than  any  of  tlie  rest,  it  is  more 
quickly  heated  and  cooled.  From  a  review  of  their  experiments, 
they  consider,  then,  the  following  conclusions  as  legitimately  dc- 
ducible. 

1.  That  under  the  same  pressure,  and  with  equal  and  constant 
volumes  (the  elasticity  alone  varying,)  all  gases  have  the  same  spe- 
cific heat. 

2.  That,  all  other  circumstances  remaining  the  same,  the  spe- 
cific heat  diminishes  at  the  satne  time  as  the  pressure,  and  ecpially 
lor  all  tlie  gases,  according  to  a  progression  but  little  convergent, 
and  in  a  much  less  ratio  than  that  of  the  pressures. 

3.  That  each  gas  hiis  a  different  power  of  conducting  heat. 
Such  have  been  the  principal  attempts  to  ascertain  the  specific 

heat  of  different  gases,  attempts  which  may  be  considered  as  hav- 
ing led  to  no  decisive  ivsults,  |>arlly  from  the  extreme  nicety  and 
delicacy  of  the  necessary  manipulations,  and  partly,  perha[>.s  from 
some  defect  in  the  principle  ol  the  several  investigations.  In  rases 
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where  the  quantity  of  matter  submitted  to  experiment  is  so  exceed- 
ingly minute;  where  the  changes  of  temperature  are  so  small  and 
evanescent;  and,  where  so  many  causes  operate,  which  it  it  dUfr 
cult  to  separate  from  each  other,  it  is  not  surprising  that  the  nuNl 
sagacious  philosophers  should  have  failed  to  arrive  at  sounds  or 
even  similar,  conclusions.  The  subject  then  may  be  considered  as 
still  open  to  further  research,  and  will  well  reward  whatever  skill 
and  labour  may  be  bestowed  upon  it. 

After  having  investigated  the  specific  heats  of  the  difiPerent  gases, 
MM.  dc  la  Roche  and  Berard  ascertained  that  the  specific  heat  of 
any  one  gas,  considered  with  respect  to  its  volume,  augments  with 
its  density,  but  in  a  proportion  less  than  the  increase  of  density. 
On  this  subject  MM.  Clement  and  Desormes  have  given  the  fol- 
lowing results : — 


Under  pres- 

Under pres- 

sure of  ill. 
of  mere. 

Specific 
heat. 

sure  of  in. 
of  mere 

Speofie 

Atmospheric 

air      39.  G 

1.210 

Azotic  gaa   -    -     29.84 

LUOO 

Ditto    -    - 

-     -     29.84 

l.OOO 

Oxygen   -     -     -     29.84 

1.000 

Ditto    -    - 

-     -     14.92 

0.693 

Hydrogen     -    -     29.84 

0.664 

Ditto     -    - 

-     -       7.44 

0.540 

Carbonic  acid  -     29.84 

1.500 

Ditto     -    - 

-     -       3.74 

0.368 
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TiiK  laws  of  light,  so  far  as  they  n-Ialo  to  the  phenomena  of  its 
nioveniont,  and  to  the  sfiisi'  of  vision,  coMstiiuic  the  science  of  Oi»- 
Ties ;  and  are  the  objects,  therefore,  not  of  Chemistry,  but  of  \a- 
tural  IMiilosopliy.  it  may  be  proper,  however,  by  a  brief  state- 
ment of  its  physical  properties,  to  recall  them  to  the  memory  of  the 
reader. 

1.  The  light  of  the  sun  moves  with  the  velocity  of  2(K), 000  miles 
in  a  second  of  time,  in  consequence  of  which  it  passes  through 
the  whole  distance  between  the  sun  and  the  earth  in  about  eighi 
minutes. 

2.  While  it  continues  to  move  through  a  transparent  medium  of 
uniform  detisity,  its  motion  is  in  |)erfectly  straight  lines.  Inn,  in 
passing  obli'juely  out  of  one  mt'dium  into  another,  it  undergoes  a 
change  of  direction.  If  the  new  nu'dinm  he  denser  than  the  old, 
the  ray  of  lij^lit  is  bent  or  nfracfnt  nearer  to  the  perpendicular;  but, 
in  passing  out  of  a  denser  into  a  rarer  mi'dium,  it  is  rtfractnl  from 
the  j)erj)endirular ;  and  there  is  a  constant  {>ropr)rtioii  between  the 
sine  of  the  an};li'  of  incidence,  and  that  of  refraction.  Transparent 
media,  also,  nut  only  cause  a  than^;e  of  the  direction  of  a  ray,  but 


decompoM  it  into  lu  coMtitnent  ptrti,  u  efibet  which  haa  beea 
cilled  *■ '- 


S.  In  Kcneral  the  amount  of  refraction  ii  proportumal  to  the 
deu&tjr  <u  a  body,  but  inflammable  aubBtanca  caOK  a  greater  re- 
fr«ction  than  might  hare  been  inferred  from  tlieir  deuitiea^  and 
the  refractive  power  of  the  same  infiammable  substance  beara  a 
proportion  to  iu  perfection,  ioiomuch  that  this  property  may  be 
used  as  a  test  of  its  purity.  Tiius  Dr.  WoUastou  found  that  genuine 
oil  of  cloves  haa  a  refractive  power  of  1,S35,  while  that  of  an  in- 
ferior  quality  did  not  exceed  1.498.  The  powera  of  the  gasca  to  re- 
fract light  are  exhibited  in  the  following  ublc  of  M.  Dulong,  drawn 
Up  from  a  aeries  of  recent  experiments,  conducted  with  toe  mat- 
eat  care,  and  on  gases  of  known  purity.  (Ann.  de  Ch.  etdePhya. 
xxxi.  154.) 

TkUt  tf  the  S^racHve  Poweri  of  Gaiet,  at  the  itane  Thtiperatun 
and  under  the  aasu  Premtrt,  that  of  Air  being  taken  aa  unify  f  by 

M.  DULOHO. 


Nake  oy  Gab. 


Atmospheric  air  -    -     - 

(Ixygcn      

Hydrogen 

Azoic 

dilorinc 

>>'itruus  oxide  -  -  - 
Nitrous  gas  -  -  .  - 
Muriatic  acid  •  -  - 
Oxide  of  carbon  -  -  - 
Carbonic  acid       ... 

Cyanogen 

Olciiani  gas  .... 
Carbureted  hydrogen  - 
muriatic  i:thcr  -  -  - 
Hydrocyanic    .    .    .    - 

Ammonia 

Oxt-c  hi  u  ro-c  arliou  i  c 
Snlphurutcd'  hydrogen 
KulphurouB  acid  -    -    • 
Sulphuric  ether    •    -    - 

Sulphurct  of  carbon 

I'hosphurcted  hydrogen 


0.924 
a  470 
1.030 
2.623 

i.no 

1.03 
1.527 
1.157 
1.536 
2.833 
2.303 
1.504 
3.72 
1.531 
1.309 
3.936 
2.187 
2.260 
5. 197 


1.10S6 

a06S5 

a976 

2.47 

1.527 

1.039 

1.254 

0.972 

1.534 

1.818 

a  980 

a  559 

3.234 

a  944 

0.591 

3.442 

1.17S 

2.247 

3.580 

3.644 

1.35G 


4.  When  a  ray  of  light  arrives  at  the  common  surface  of  two 
media,  and,  instead  of  passing  fi-om  the  une  into  the  other,  is  turn- 
ed back  into  ihe  first,  this  turning  back  is  railed  rrjlntioii.  The 
angles  of  incidence  and  rcflectiitn,  ai*o,  in  this  case,  always  equal, 
whatrvrr  may  )>c  the  obliquity  ofthe  incident  ray. 

9.  All  objects  seen  by  reflection  or  refraction,  appc:^  in  that 
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or  diracdoo  from  whence  the : 
.__    idtodieers.  ',  ■ 

6i.  There  we  ccrtUB  bodies  (Iceland  apkr  for  exampl 
toUUt  m  dooUe  in»g«  of  any  object  that  »  vieved  thrvuKh  I 
.,  or  ue  laid  ta  r^frad  doubly.   In  this  caae,  one  portinn  of  tbc 
'  la  refracted  accordins  to  the  commoa  law*  the  othi'i 
Wtraordinarjr  refraction,  in  a  plane  parallel  to  the  il 
Joina  the  two  obtuse  anRles  of  the  crj-stsL    Il,<t|ia''*7>  vucb  bm 
thns  suffered  double  refraction,  be  nukde  to  fait  «ii  another  crystal 

titccd  parallel  to  the  first,  no  new  division  of  the  rays  will  liipiw, 
Bt  if  the  second  crystal  be  placed  in  a  transverse  direction,  that 
part  of  the  ray,  wbic^  before  suffered  ordinary  refraction,  wiUasv 
underso  extraordinary  refraction  ;  and  that,  which  underwcnt^^  * 
traorunary  refraction,  will  now  sufTer  ordinary  refraction. 

7>  A  ray  of  lig'ht,  falling  upon  a  polished  surface  of  g' 
«n^  of  35°  S5',  is  reflected  in  a  straight  line  at  the  sa 
But  If  a  second  piste  of  glass  be  so  placed,  that  the  ref 

will  fall  upon  it  likewise  at  an  ang-Ic  of  35°  25',  and  if  the  i 

plate  be  smwly  turned  round  its  axis,  without  varying  the  nagle 
which  it  makes  with  the  ray  that  falls  upon  it,  a  curious  pheDome- 
jion  is  observed.  If  the  planes  uf  rcOcctiun  be  parallel  to  eachgtber, 
,  the  ray  of  light  is  reflected  from  the  second  glass  in  the  same  man- 
pgr  as  from  the  first.  But  if  the  secoud  gla^f  be  turned  round  a 
quadrant  of  a  circle,  so  as  to  make  the  planes  of  reHectlon  perpen- 
dicular to  each  other,  the  whole  of  the  ray  will  pass  through  the 
second  glass,  and  none  of  it  will  be  rtflcctcd.  When  the  second 
glass  is  turned  round  another  cjuadrant  of  a  circle,  so  as  to  utakc 
3ie  reflecting  planes  again  parallel,  the  ray  will  be  reflected  by  tho 
second  glass  as  at  first;  but  when  turned  round  three  r|uadraiii3, 
the  whole  U^ht  will  be  again  transmitted,  and  none  of  it  reflected. 
Under  certain  circumstances,  therefore,  lightcan  penetrate  through 
glass  when  in  one  position,  but  not  in  another.  In  the  latter  case, 
it  has  been  termed  by  'M.alus  polariztd  light,  on  the  supposition  that 
the  light  has  been  bent  into  another  position,  as  the  needle  ia  by  a 
magnet*  For  a  popular  statement  of  the  discoveries  of  Mains, 
the  reader  is  referred  to  the  33d  vol.  ofNicholson's  Journal,  p.  S44; 
for  those  of  Dr.  Brewster,  to  the  Phil.  Trans,  for  1813  and  following 
years;  and  for  the  experiments  of  Biot  and  Arago,  to  the  94th  vol. 
of  Annales  de  Chimie,  or  to  the  Traitt  de  Physique  of  the  former 
philosopher. 

Light  is  capable  of  producing  also  important  chemical  e&cts, 
and  of  entering  into  various  chemical  combinations.  Its  action  is, 
for  the  most  part,  exerted  in  de-oxidising  bodies ;  and  facta  of  this 
kind  cannot  be  perfectly  understood,  until  two  important  classes  of 
bodies  have  been  described,  viz.  those  of  oxides  and  of  acids.  In 
this  place,  therefore,  1  shall  slule  only  a  few  of  its  least  complicated 
effects;  and  shall  trace  its  agency  on  individual  bodies,  as  tbcy 
become  the  ubjects  uf  experiment  in  the  sequel. 

I.  Light,  in  the  state  in  which  it  reaches  the  organ  of  visiM!,  it 

*  TliuniMin'sCheaiiitiyii.  16. 


U  well  known,  U  not  ■  •Imiile  bodr,  but  Is  captble  of  belne  ^vided, 
by  the  priini)  ialo  ktcii  primmrj  rays  or  coloun,  viz.  na^  orugf^ 
yellow,  green,  blue,  indigo,  and  violet  Theie  are  refrangible  la 
the  above  order,  [he  red  being  least  refrangible,  and  the  violet  mnt 
aOk  The  image  formed  by  the  different  rayi,  thus  separated,  coi^ 
siitutes  the  solab  sff.cthum.  If  it  be  divided  into  300  ptrta,  the 
red  will  occupy  43  of  these  parts,  the  orange  27,  the  ycUow48t  the 
green  60,  the  indigo  40,  and  the  violet  BO.  Dr.  Wollatton  feimd, 
however,  that  when  a  beam  of  light  only  ^th  of  aA  inch  broad,  U 
received  by  the  eye,  at  the  distance  of  ten  feet,  through  a  clmr 
prism  of  flint  glass,  only  four  coloui-s  are  seen,  viz.  red,  yellowish 
green,  blue,  and  violeL  The  dlflerent  coloured  rays,  being  collect- 
ed hy  a  lens  into  a  focus,  again  produce  uncoloured  light. 

IL  Heat  and  light  arc  not  present,  in  corresponding  degrees,  in 
different  parts  of  the  solar  spectrum.  With  respect  to  the  iOinai- 
iMfi'ii;  power  of  each  colour.  Dr.  Herschell  found  that  the  red  rayt 
we  far  from  having  it  in  an  eminent  degree.  The  orange  possess 
BOrc  of  it  than  the  red ;  and  the  yellow  rays  illuminate  objects  still 
more  perfectly.  The  maximum  of  illumination  lies  in  the  Drighiest 
yellow  or  palest  green.  The  green  itself  is  nearly  cijually  bright 
with  the  yellow;  but  from  tlie  full  deep  green  the  illuminatingpower 
decreases  very  sensibly.  That  of  tin;  Iilue  is  nearly  on  a  par  with 
that  of  the  red  ;  the  indigo  has  much  less  than  the  blue,  and  the 
violet  is  very  deficient.*  In  the  Annals  of  Phil.  N.  S.  iv.  137, 
a  table  of  the  illuminating  powers  of  the  prismatic  rays  is  given 
by  Frauenhofer,  which  is  nut  copied  in  this  place,  because  the  co- 
lours of  his  spectrum  do  not  correspond  with  those  of  Newton'a. 

HI.  The  htating  powers  of  tlic  rays  follow  a  different  order. 
—If  the  bulb  of  a  very  sensible  air  iheimomtter  be  moved  in  suc- 
cession, through  the  differently  coloured  rays,  it  will  he  found  to 
indicate  the  greatest  heat  in  the  red  rays;  next  in  the  gi-een^  and 
soon,  in  a  diminishing  progression,  to  the  violet.  The  precise 
effects  of  the  different  rays,  determined  by  Dr.  Herschell's  experi- 
ments, are  as  follows : 

The  thermometer  rose 


la  the  blue,  in  3  miuutes  from  35°  to  56° 

green,  in  3        54    to  58 

yellow,  in  3        5G    to  62 

fulli-ed,  in  2.!      5G    to  72_ 

cunfiiies  of  red,  in  2*      5H    to  "oj 

IV.  W1m.ii  the  thei-momclcr  is  removed  entirely  out  of  the  con- 
lines  of  the  red  rays,  but  with  its  ball  still  in  the  line  of  the  spec- 
trum, it  rises  even  higher  ihan  in  the  red  rays;  and  cuniinucs  to 
rise,  till  lemoved  half  an  inch  beyond  the  extremity  of  the  red  rays. 
In  this  hituatioii,  ipiiie  out  of  the  visible  light,  the  themioineter 
rose  in  '31  minutes  from  Gl  to  79.    The  ball  of  the  thermometer, 

•  Phil.  Tnm.  ISOO,  p.  SG7. 
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f  mtttof  Pd  for  this  riurpoK,  ibould  be  ■*<  AMU 

Ik  blackciifd  w  1  ih  im!  un  ink.  An  air  inBi«neri|»pRiter MMMt 
[han  a  niercuri:il  <.rii.  to  exhibit  the  minute  (Jiuige  of  lempeMJpipi 

thai  tJD!>U».       I'lu    <     iMVIBIBLB    MKAT-MAKIMa   SAY!  XMJ  bc  rCftMll 

by  the  mirror,  mi.i  i  i-fncted  bjr  the  lent,  exactly  in  the  taoD  Sf^ 
ncr  u  ibe  rayik  ulli^Ut. 

A  fact  hail  liceii  uscertuncd  by  Dr.  Delaroche,  which  ueau  to 
point  out  a  closr  rxinoexion  between  heat  and  lighti  and  a  grvdaal 

gKf^Xc  o[  ih>'  Mu:  into  the  other.  At  a  tentperatHTC  below  thmtof 
nilitM-  <>  .  Ill  .  'a  of  invisible  beat  paas  through  gtaaa  witb 
dinUii'  <  irerse  it  with  a  facility  always  increasing  with 

the  temperature,  as  it  approachea  the  point  when  t>odica  becone 
lumirious.  FrOB  these  experiments  it  would  appear  (hat  the  moA" 
^oatioB,  whaWMT  it  be,  which  must  be  impreased  on  the  iarbiHi 
nyi,  to  raider  tliem  capable  of  penetrating  through  glaaa, " — **" 
them  approach  more  and  more  to  the  state  in  which  the^  m 
.%lien  they  enter  the  eye,  and  occasion  the  aeiuation  of  TJihw 


.%lien  they  enter  the  eye,  and  occasion  the  aemation  of  tiiIm    . 

The  experimenu  of  Dr.  Hcrachell,  which  had  been  already  <ii» 
firmed  by  Sir  H.  En^efield  and  ottier  philoatqdiera,  wen  naad 
correct  in  the  main,  woen  repeated  by  Hr.  Beiwd,*  who  nhs>i  n  il 
the  same  progressive  heating  power  in  the  raya  from  the  Tiokt  to 
the  red.  But  he  found  the  greatest  heating  power  in  the  rod  cx- 
tnemlly  of  the  spectrum,  and  not  beyond  it.  He  fixed  it  at  the  pout, 
where  the  bulb  of  the  thermometer  was  atill  e&tirelv  covered  by 
llie  red  ray ;  and  the  thermometer  sunk  progressively,  m  proportion 
as  the  distance  of  its  bulb  from  the  in:d  ray  increased.  Entirely  out 
of  the  visible  spectrum,  where  Hcrachcll  fixed  the  maximum  of 
heat,  its  elevation  above  the  ambient  air  was  only  one-fifth  of  what 
it  had  been  in  the  I'cd  ray  itself.  The  reflection  of  invisible  radiant 
heat,  Mr.  Uerard  found,  follows  precisely  the  same  law  as  that  of 
light,  and  that  the  rays  of  heat  are  capable  of  polarization  equally 
with  those  of  light.  Considerable  differences  in  the  results  of  ex- 
periments of  this  hind  are,  according  to  Dr.  Seebeclc,  produced  by 
the  particular  nature  of  ihe  medium  by  which  the  rays  of  light  are 
decomposed.  (Ann.  of  I'hil.  N.  S.  viii.  235.)  With  a  prism  of 
fine  flint  glass,  the  greatest  heat  was  always  beyond  the  ml  rays; 
with  a  prism  of  crown  glass,  the  greatest  heat  was  in  the  red  rays; 
and  with  a  prism  consisting  of  two  hemispheres  of  glai^in closing 
water,  the  maximum  of  heat  was  in  the  yellow  rays. 

V.  Beyond  the  confines  of  the  spectrum  on  the  other  side,  vi:. 
a  little  beyond  the  violet  ray.  the  thermometer  is  not  afTecled ;  but 
in  this  place  it  is  remarkable,  that  there  are  also  invisible  rays  of 
a  different  kind,  which  exert  all  the  chemical  effects  of  the  rays  of 
light,  and  with  even  greater  energy.  One  of  the  chemiral  properties 
of  light,  it  will  hereafter  be  slated,  is,  that  it  speedily  changes, 
from  white  to  black,  the  moist  and  fresh-prccipitatcd  chloride  of 
silver,  the  chloride  seizing  the  hydrogen  of  the  water,  and  the  silver 
uniting  with  oxygen.  This  effect  is  produced  most  rapidly  by  the 
direct  light  of  the  sun;  and  the  rays,  as  separated  by  the  prism, 

■  TboBwM's  Amal%  iL  163. 


CHAP.  IV.  Lioar.  149 

have  tlui  property  in  Tarious  dcerccs.  The  blue  rays,  for  example, 
effect  a  change  of  the  muriate  ot  silver  in  15  seconds,  which  the  red 
require  dO  minutes  to  accomplish ;  and,  (^ncraily  speakings,  the 
power  diminishes  as  wc  recede  from  the  violet  extremity.  Rut  en- 
tirely out  of  the  spectrum,  and  Ixsyond  the  violet  rays,  the  effect  is 
siill  produced.  Hence  it  appears,  that  the  solar  beams  consist  of 
three  distinct  kinds  of  rays ;  of  those  that  excite  heat,  and  promote 
oxidation;  of  illuminating^  rays ;  and  of  db^oxidizin'g  or  hydroge- 
KATiKG  RAYS.  It  has  lately,  also,  been  asserted  by  Morrichini,  that 
the  violet  rays  have  a  magnetizing^  power,  and  arc  capable  of  re- 
versing the  poles  of  a  needle  already  magnetic*  His  experiments, 
attempted  without  success  by  Configliachi  and  by  Derard,  have 
been  fully  confirmed  by  Mrs.  Somerville,  who  found  that  a  sewing 
needle,  by  less  than  two  hours'  exposure  to  the  violet  rays  during 
bright  sunshine,  acquired  the  property  of  attracting  the  south  pole, 
ana  repelling  the  north  pole,  of  a  magnetic  needle.  The  position 
of  the  needle,  thus  exposed,  with  respect  to  the  plane  of  the  mag- 
netic meridian,  made  no  difference  in  the  result  Needles  exposed 
to  blue  and  g^reen  rays  sometimes  acquired  magnetism,  though  less 
frequently  and  more  slowly;  but,  when  acquired,  the  magnetism 
seemed  as  strong  as  when  imparted  by  the  violet  rays.  The  indigo 
rays  succeeded  almost  as  well  as  the  violet.  (Phil.  Trans.  1826,  p. 
15d.)t 

A  striking  illustration  of  the  different  heating  powers  of  the  va- 
rious kinds  of  rays  is  furnished  by  their  effect  on  phosphorus.  In 
the  rays  l>eyond  the  red  extremity,  phosphorus  is  heated,  smokes, 
and  emits  white  fumes ;  but  these  are  presently  suppres^d,  on  ex- 
posing it  to  the  de-oxidizing  rays,  which  lie  beyond  the  violet  ex- 
tremity. **  I  found,"  says  Sir  H.  Davy,  (EL  of  Chem.  PhU.  p.  21 1.) 
*^that  a  mixture  of  chlorine  and  hydrogen  acted  more  rapidly  upon 
each  other,  combining  without  explosion,  whea  exposed  to  the  red 
rays,  than  when  placed  in  the  violet  rays;  but  tha\  solution  of  chlo- 
rine in  water  became  solution  of  muriatic  acid  most  rapidly,  when 
placed  in  the  most  refrangible  rays  of  the  spectrum.  Puce-coloured 
oxide  of  lead,  when  moistened,  gradually  gained  a  tint  of  red  in  the 
least  refrangible  rays;  and  at  last  became  black,  but  was  not  affected 
in  the  most  refrangible  rays;  and  the  same  change  was  produced 
by  expoaing  it  to  a  current  of  hydrogen  gas.  The  oxide  of  mercury, 
procured  by  a  solution  of  potassa  and  calomel,  exposed  to  the  spec- 
trum, was  not  changed  in  the  most  refrangible  rays,  but  became 
red  in  the  least  refrangible  ones,  which  must  have  depended  on  its 
absorbing  oxygen.  The  violet  rays  produced,  upon  moistened  red 
oxide  of  mercury,  the  same  effects  as  hydrogen  gas." 

The  experiments  ofBerardt  confirm  those  of  Ritter  and  WoUas- 
ton.  To  show  the  disproportion  between  the  energies  of  the  dif- 
ferent rays,  he  concentrated,  by  means  of  a  lens,  all  that  part  of  the 

*  Ann.  de  Chim.  et  Pbvs.  iii.  323. 
t  Jour,  of  Science,  v.  138 ;  and  Thomson's  Annsb,  xii.  1. 
t  Tbomton's  Annsli^  ii.  165,  and  zvi.  6 «  alio  Brewster's  Ed.  Joanial,  i.  339  { 
ud  Silliman's  American  Journal,  i.  89. 
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spcclrum,  which  extends  from  the  ^rccn  to  the  extreme  violet;  and, 
by  iiiiotlier  kiis,  all  that  portiun,  whicli  extends  from  the  g^eB  to 
the  extremity  of  the  i*ed.  In  the  focus  of  this  last  half,  though  in- 
tensely bri^^ht  to  the  eyes,  muriate  of  silver  remained  above  two 
hours  unaltered;  but  in  that  of  the  former  half,  though  much  lets 
brij^ht,  it  was  blackened  in  less  than  six  minutes. 

VI.  There  is  an  exception,  however,  as  stated  by  Dr.  Wollaatoii| 
to  the  de-oxidizing;  power  of  the  rays  above  mentioned.  The  sub- 
stance, termed  gum-guaiacum,  has  the  property,  when  exposed  to 
the  light,  of  being  changed  from  a  yellowish  colour  to  green;  and 
this  cflTect  he  has  ascertained  to  I>e  connected  with  the  absorption 
of  oxygen.  Now,  in  the  most  refrangible  rays,  which  would  fall 
beyond  the  violet  extremity,  he  found  that  this  substance  became 
green,  and  was  again  changed  to  yellow  by  the  least  refrangible. 

VII.  Certain  bodies  have  the  property  of  absorbing  the  rays  of 
light  in  their  totality ;  of  retaining  them  for  some  time;  and  of  again 
evolving  them  unchanged,  and  unaccompanied  by  sensible  heaU 
Thus,  in  an  experiment  of  Du  Fay,  a  diamond  exposed  to  the  sun, 
and  immediately  covered  with  black  wax,  shone  in  the  dark,  on  re- 
moving the  wax,  at  the  expiration  of  several  months.  Bodies,  g^- 
cd  with  this  property,  are  called  solar  phosphori.  Such  are  Can- 
ton's, Baldwin's,  llomberg's,  and  the  Bolognian  phosphori,  which 
will  be  described  hereafter.  To  the  same  class  belong  several 
natural  bodies,  which  retain  light,  and  give  it  out  unchanged. 
Thus  snow  is  a  natural  solar  phosphorus.  So  also  is,  occasionally, 
the  sea  \\\\vn  agitated;  putrid  fish  have  a  similar  property;  and  the 
glow-worm  belongs  lo  the  same  class.  These  phenomena  are  inde- 
pendent of  every  thing  like  combustion;  for  artificial  phosphori, 
after  exposure  to  the  snn's  rays,  shine  in  the  dark,  or  when  placed 
in  the  >uruum  of  an  air-pump,  or  under  water,  kc.  where  no  air  is 
present  to  supj)()rt  i'oml)usiioii. 

\'ill.  From  scJar  phosphori,  the  extrication  of  light  is  facilitat- 
ed by  th.e  applic  ation  ol"  an  el(!\aled  temperature;  and,  after  hav- 
ing ceased  to  shine  at  the  ordinary  temperature,  they  again  emit 
light  when  exposed  to  an  increased  one.  Several  bodies,  which  do 
not  otiierwise  give  out  light,  evolvi'  it,  or  become  phosphorescent, 
whrii  hi-aied.  Thus,  powdered  iluate.  of  lime  becomes  luminous, 
wlun  iljrown  on  an  iron  plate  raised  to  a  temperature  rather  above 
that  of  Ixfilin^-  wairr;  and  one  of  its  varieties,  known  to  mineralo- 
gists under  the  name  of  rhlornphaur^  gi>cs  out  abun<lanily  an  cme- 
rahl  i;rren  li;;hl  ))y  thr  mrrr  heat  of  the  hand;  and  after  being  ex- 
poM-d  to  ilw  sun,  or  evrn  to  a  candh-,  cotitinurs  to  shine  in  a  dark 
|)l;in'  I'm!-  stiini"  linn-,  ('i'honison's  Annals,  i\.  17.  Ser  also  (juart. 
Journ.  -M  Si'j  i«-s.  i.  V»  ?. )  The  \f)lkof  an  t'l^^p;,  when  diied.  becomes 
linninohs.  on  Iirin!^  hratfd  ;  and  so  also  does  laHow  during  li({ue- 
faction.  To  r\hil>it  tiie  last  nuntioned  fa(  i,  it  is  imrely  necessary 
to  pl.i<«"  a  hunp  of  tallow  on  a  ( oal,  hraled  briow  ii^nilion,  making 
ihe  tVjuTiiucnt  in  :.  <ijik  t'n»ni. 

1\.  \ittiiion,  aNo,  evulves  light.  Thus,  two  pieces  of  cummon 
bonn<  t  cane,  rubb<.d  stroni^ly  a.i;ainsi  each  other  in  the  dark,  emit 
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a  faint  light  Two  pieces  of  borax  or  of  quartz  have  the  same  pro- 
perty much  more  romarkal)ly. 

X.  Light  is  disen|;a(^cd  in  various  cases  of  chemical  combina- 
tion. Whenever  combustion  is  a  part  of  the  phenomena^  this  is 
"wcH  known  to  happen;  but  light  is  evolved,  also, in  other  instances, 
where  nothing  like  combustion  goes  forward.  Thus,  fresh  prepar- 
ed pure  magnesia,  added  suddenly  to  highly  concentrated  sulphuric 
acid,  exhibits  a  red  light.  \Vhou  the  vapour  arising  from  a  solid, 
benzoic  acid  for  instance,  is  condensed,  light  is  evolved,  and  also 
from  fused  boracic  acid  when  passing  to  a  solid  form.  But  perhaps 
the  most  intense  artificial  light  is  that  which  is  obtained  by  direct- 
ing the  flame  of  alcohol,  by  a  stream  of  oxygen  gas,  upon  a  small 
spherule  of  lime  about  one  ([uarter  of  an  inch  diameter.  The  lime 
from  chalk  is  best  adapted  to  this  purpose^  as  it  is  most  easy  to^ 
give  it  tlic  proper  form.  The  light,  thus  produced,  is  so  brilliant 
as  scarcely  to  be  borne  by  the  naked  eye,  and  its  use  is  therefore 
suggested  for  illuminating  light  houses.  It  acts,  also,  as  solar  light 
does,  on  mixtures  of  chlorine  and  hydrogen,  and  on  chloride  of  sil- 
ver. (Lieut.  Drumniond.  Phil.  Trans.  1K2(),  p.  .V24.) 

XL  For  measuring  the  relative  intensities  of  liijhl  from  various 
sources,  an  instrument  hus  been  conlrived,  (.ailed  the  riioroMtvn-.n. 
That  of  Count  Huinford,  described  in  the  S-Jih  volmno  of  the  IMii- 
lusonhical  Transactions,  being  foinuh^d  on  optical  ])riiiei])les,  does 
not  fall  strictly  wiiliin  the  province  of  this  work.  Ii  is  conslrurted 
on  the  principle,  that  the  |)o\ver  of  a  burning  body,  to  illuminate 
any  defined  space,  is  directly  as  the  intensity  of  the  light,  and  in- 
versely as  the  square  of  the  distance.  If  two  unequal  lights  shine 
on  the  same  surface  at  e({ual  obli([uities,  and  an  opac^ue  body  be 
interposed  l>etween  each  of  them  and  the  illuminated  surface,  the 
two  shadows  must  dilier  in  intensity  or  blackness;  for  the  shadow 
formed  by  intercepting  the  greater  light  will  be  illuminated  by  the 
lesser  light  only;  and,  reversely,  the  other  shadow  will  be  illumi- 
nated by  the  greater  light;  that  is,  the  stronger  light  will  be  at- 
tended with  the  deeper  shadi)W.  But  it  is  easy,  by  removing  the 
stronger  light  to  a  greater  distance,  to  render  ihe  shadow,  which 
it  produces,  not  deeper  than  that  of  the  smaller,  or  of  precisely  ihc 
same  intensity.  This  equalization  being  eflected,  the  quantity  of 
light  emitted  by  each  lamp  or  candle,  will  be  as  the  square  of  the 
distance  of  the  burning  body  from  the  white  surface. 

The  photometer  of  5lr.  Leslie  is  founded  on  a  different  princi- 
ple, viz.  that  light,  in  proportion  to  its  absorption,  produces  heat. 
The  degree  of  heat  produced,  and  consequently  of  light  absorbed, 
is  measured  by  the  expansion  of  a  confined  portion  of  air.  A  mi- 
nute description  of  the  ingenious  instrument  contrived  by  Mr.  !a:s- 
lie  with  this  view,  may  be  seen  in  his  work  on  Heat,  or  in  the  3d 
voL  of  Nicholson's  4to.  Journal.  In  its  construction,  it  bears  a  con- 
siderable resemblance  to  the  differential  thermometer,  already  de- 
scrilx:d,  and  represented  plate  i.  fig.  7.  As  both  .the  balls  of  the 
latter  instrument,  however,  arc  transparent,  no  change  ensues  in 
the  situation  of  the  coloured  TKjuid  when  it  is  exposed  to  the  va- 
riations of  light    But,  in  the  photometer,  one  of  the  balls  is  ren- 
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dered  opaque,  cither  by  tingiiig  the  glass,  or  by  corcring  it  whh  a 
pigment ;  and  hence  this  ball,  absorbing  the  incident  light  which 
passes  freely  through  the  transparent  one,  the  air,  included  in  it, 
becomes  warmer  than  that  of  the  other  ball,  and,  b^  its  great  ela»- 
ticity,  forces  the  liquid  up  the  opposite  leg  of  the  instrument.  A 
graduated  scale  measures  the  amount  of  the  effect ;  and  a  ^laai 
covering  defends  the  photometer  from  being  influenced  by  the  tem- 
perature of  the  atmosphere. 

Mr.  Brande  has  ascertained  that  by  substituting  ether,  as  in  Dr. 
Howard's  modification  of  the  differential  thermometer,  the  sensi- 
bility of  the  photometer  is  greatly  increased,  and  that  it  becomes 
most  delicately  susceptible  of  the  impression  of  light.  An  instru- 
ment of  this  sort  he  found  fully  adequate  to  determine  the  compsr 
rative  illuminating  powers  of  different  gases,  which  cannot  be  done 
when  the  photometer  is  filled  with  air.  (Quart.  Joum.  viiL  SSOl) 
Those,  who  are  desirous  of  more  ample  information  on  the  snbiect 
of  measuring  light,  may  consult  with  advantage  the  Rev*  Mr. 
Powel's  Historical  Sketch  of  Photometry  in  the  second  series  of 
Ann.  of  Phil.  xL  371. 


CHAPTER  V. 


ON   TIIK    CHEMICAL   A O EX C IKS    OF   ELEOTRIOITY. 

The  phenomena  and  laws  of  electricity  as  ordinarily  excited, 
beinj^  more  slrictly  the  objects  of  natural  philosophy  than  of  che- 
mistry, and  formint^  a  prominent  part  of  ahnost  every  elementary 
treatise  on  thr  former  branch  of  science,  I  consider  it  unnecessary 
in  this  place  to  say  more  than  is  sufficient  to  i*ccall  them  to  the  me- 
mory uf  the  reader,  and  to  connect  them  with  that  modification  of 
electricity,  which,  under  the  name  of  Galvanism,  has  proved  so 
powerful  an  instrument  of  chemical  research. 

When  a  j^lass  tube  of  sufficient  diameter,  perfectly  clean  and 
dry,  is  briskly  rubbed  with  a  dry  silk  handkerchief,  and  then  brought 
near  to  small  licjht  bodies,  s»ich  as  bits  of  thin  paper,  straw,  feathers, 
or  i^old  leaf,  these  bodies  lly  to  the  glass,  and  adhere  to  it  for  some 
lime.  A  j;ilt  ball  of  light  pith,  suspended  by  a  slender  silken  thread, 
is  attracted  by  the  tube,  and,  if  the  latter  be  near  enough,  first  comes 
into  contact  with  it,  and  is  then  repelled.  These  effects  are  much 
moi-e  strikinf^ly  i)ro<luced  by  an  electrical  machine^  which  consists, 
essentially,  of  a  circular  glass  plate  or  glass  cylinder,  fixed  upon 
an  axle,  and  pressed  by  a  cushion  or  rubber^  which  is  generally  l)c- 
smeared  with  a  soft  compound  of  an  amalgam  of  mercury  and  tin 
mixed  with  j^rrase.  At  a  short  distance,  is  placed  a  metallic  cylin- 
der, sup])orted  by  j;lass  feet,  called  the  prim*  coiuhicior^  which,  at 
thi'  end  next  the  i;lass,  has  roiinnoiily  u  few  projecting  teeth  made 
of  pointed  wiiT.  The  rubber  being  tonucctcd  by  a  &mall  chain,  or 
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otherwisef  with  the  table  or  floor,  and  the  glass  cylinder  or  plate 
made  to  revolve  upon  its  axle,  a  crackling  noise  is  heard,  accomr 
panied  with  a  luminous  appearance,  and  on  bringing  the  knuckle  of 
a  finger,  or  a  rounded  metallic  knob,  near  the  prime  conductor,  a 
spark  issues,  accompanied  with  a  snap  or  slight  report,  and  with 
a  pricking  sensation  when  the  knuckle  is  presented.  In  this  case 
the  glass  is  said  to  be  excUedj  and  the  prime  conductor  to  be  charg* 
ed  with  electricity. 

If,  while  the  prime  conductor  is  thus  charged,  we  bring  two  gilt 
pith  balls,  suspended  by  fine  silken  threads  and  in  contact  with  each 
other,  within  a  short  distance  of  it,  they  immediately  fly  asunder, 
but  when  removed  from  its  vicinity,  the  balls  again  collapse  or  fall 
together*  Now  both  the  balls,  having  been  exposed  to  the  same  in- 
fluence, may  be  considered  as  in  the  same  electrical  state;  and  hence 
bodies  tkniutrhf  electrified  are  said  to  repel  each  other.  But  let  us  next 
vary  the  circumstances  of  the  experiment,  and,  instead  oi  connect- 
ing the  rubber  with  the  ground,  connect  it  with  a  second  prime 
conductor,  and  let  a  wire  be  attached  to  each  conductor,  from  which 
the  balls  may  hang  separately,  each  by  its  thread,  and  with  a  small 
intermediate  space.  The  phenomena  will  now  be  very  diflcrent* 
The  balls  instead  of  diverging  will  attract  each  other,  and  come 
into  contact.  BodieSy  tJierefore^  differently  electrified  attract  each  other* 
In  the  first  case,  the  excited  glass  derives  from  the  earth  its  electri- 
city, which  flows  to  the  conductor,  and  is  there  accumulated.  In 
the  latter  case,  the  second  conductor  supplies  electricity  through 
the  means  of  the  rubber  to  the  first,  and  all  that  happens  is  the  dis- 
turbance of  the  electrical  state  of  the  two  conductors,  the  first  gain- 
ing precisely  what  the  second  has  lost.  The  electricity  of  the  first 
is  said  to  be  plus  or  positive^  and  that  of  the  second  minus  or  negO' 
tive.  This  view  of  the  subject  accounts  for  the  phenomena  of  elec- 
tricity by  supposing  one  fluid  only,  equally  subtile  with  caloric  and 
light,  the  redundance  of  which  causes  the  state  of  positive^  and  its 
deficiency  that  of  negative  electricity.  This  is  the  theory  of  Frank- 
lin, supported  by  iEpinus,  Cavendish,  Sec.  But  many  philosophers, 
especially  on  the  continent,  adopt  the  theory  of  Dufay,  that  there 
arc  two  distinct  electric  fluids,  the  vitreous  corresponding  to  the 
positive,  and  the  resinous  to  the  negative;  that  these  fluids  are 
separated  from  each  other  by  friction ;  and  that  their  re-union  is 
followed  by  the  cessation  of  electrical  phenomena.  It  must  be  ac- 
knowledged, that  all  the  facts  respecting  electricity  are  explicable 
upon  either  of  these  hypotheses,  but  on  the  whole  that  of  Franklin 
appears  to  me  entitled  to  preference. 

All  bodies  are  not  capable  of  being  excited  by  friction.  Among 
those  which  are  so,  the  principal  ones  are,  glass,  sulphur,  wax, 
resins,  amber,  precious  stones,  silk  and  cotton,  feathers,  hair,  wool, 
&c.  Such  bodies  are  called  electrics;  and,  as  they  do  not  afford  a 
passage  to  the  electric  fluid,  they  arc  also  called  non-conductors* 
There  is  another  class  of  l><>dies  which  readily  transmit  electricity, 
and  are  therefore  called  conductors;  and  as  these  cannot  easily  and 
without  particular  management  be  excited  by  friction,  they  arc  also 
called  non-eUclrics,  A  body  of  the  latter  class,  supported  by  a  non- 
VOL.  I.  U 
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conductor  (a  metallic  cylinder,  for  instance,)  resting  on  ^laas  fart, 
^  13  said  to  be  vuiilatal.     In  this  slate,  the  insulated  body  will  retain 

a  charge  of  electricity  for  some  time,  because  the  air  of  thr  Ktmo- 
*  sphere,  when  of  its  ordinary  dryness  and  density,  is  a  slow  or  btd 

r  conductor  of  electricity. 

The  more  highly  an  insulated  conductor  is  charged  with  electri- 
city, the  more  powerful  is  the  repulsion  which  it  communicatca  In 
j*         bodies  that  are  brought  near  it.    Two  pith  balls  for  instaner^  us- 
I  pendcd  from  a  prime  conductor,  diverge  to  a  dis- 

^^         tance  proportional  to  the  accumulation  of  electricity 
A        in  the  conductor;  or  a  single  pith  ball  may  be  e 
li"         ployed,  as  in  the  quadrwit  eleclrometfT,  shown  in  I 
Annexed  figure.   A  is  a  round  upright  rod  of  met 
r-4         with  a  ball  at  the  top,  and  pointed  at  the  lower  end  I 
E  BO  that,  when  separated  from  its  aland,  it  may  be  ' 

[received  into  a  small  hole  In  the  prime  conductor. 
B  is  an  ivory  semicirclei  the  lower  half  of  which  is 
graduated  into  90  equal  parts;  to  the  centre  of  this 
a  pin  is  fixed  horizontally,  upon  which  a  very  thin 
piece  of  cane  or  ivory,  having  a  pith  ball  at  its  lower 
extremity,  turns  freely,  and  traverses  the  circle  like 
an  index.    When  no  electricity  is  excited,  the  c 
to  the  stem;  but  on  turning  the  machine,  the  ball  rises  ant!  carries 
the  index  over  the  circle,  to  a  point  which  indicates  ih.-  decree  of 
eleciil'    .-,;;■■  ..■'I- .     W  ;,   i    i-     ...„■;■.   i.  i,  .■■,    ■  ,  :.  !,v  'li-,   i-i^iru- 

tetwity,  lertns  perhaps  not  very  remote  in  their  meaning  from  what 
^  is  expressed  by  elaslicify  as  belonging  to  aeriform  fluids.     It  must 

L.         be  obvious  that  the  gravity  of  the  pith  bait  will  be  opposed  to  its 
k  being  moved  by  very  slight  electrical  powers.     To  (Aviate  this,  a 

Tery  ingenious  instrument  was  contrived  by  Coulomb,  called  the 
balance  of  torsion,  described  in  most  elementary  works  on  natural 
philosophy, 
e  To  discover  very  minute  deviations  from  the  electric  equilibrlom. 
and  to  discriminate  between  positiTc  and  negative  electricity,  Mr. 
Bennett  employed  two  slips  of  gold  leaf  m,  n, 
\  enclosed  in  a  cylindrical  vessel  of  glass,  b,  c, 

■^  closed  at  the  bottom  with  a  metallic  cap  D  E, 

and  with  a  simitar  one,  A  fi,  at  the  top ;  the 
inferior  surface  of  the  upper  cap,  as  well  as-^l 
the  top  part  of  the  inside  of  the  cylinder,  be- 
ing coated  with  sealing-wax.  From  the  centre 
»  upper  cap  the  two  slips  of  gold  leaf 
rertically,  and  are  opposed  to  two  slips 
bit,  pasted  to  the  inside  of  the  cylinder, 
c,  and  so  placed  that  the  gold  leaves 
iljpcome  in  contact  with  them,  when  their 
mutual  repulsion  is  made  powerful  enough  to 
separate  them  to  that  extent.     These  slips  of 

tin-foil  terminate  in  the  foot  of  the  instrument,  

and  therefore  communicate  with  the  earth.  On  touching  the  upper 
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cap,  or  the  pin  C,  with  an  electrified  body,  the  gold  leaves  diverge. 
If  the  divergence  be  increased  by  the  approach  of  flint  glass  excit- 
ed by  silk,  the  electricity  is  said  to  be  positive ;  if  the  divergence 
be  diminished,  they  arc  said  to  be  negatively  electrified. 

Beside  friction,  electricity  is  also  developed  by  the  fusion  and 
solidification  of  bodies.  If,  for  instance,  melted  sulphur  be  poured 
into  an  insulated  metallic  cup,  when  the  sulphur  has  congealed,  the 
sulphur  and  the  cup  arc  found  to  be  in  opposite  electrical  states. 
Electricity  is  also  excited  by  evaporation,  as  may  be  seen,  if,  into  a 
small  metallic  cup  of  water,  placed  on  the  top  of  Bennett's  gold 
leaf  electroscope,  we  drop  a  hot  cinder;  for  the  gold  leaves  instantly 
diverge.  The  condensation  of  vapour  also  produces  electrical  ap- 
pearances, and  is  probably  the  cause  of  many  of  those  phenomena 
which  arise  from  different  states  of  the  atmosphere. 

But,  independently  both  of  friction  and  heat^  there  is  yet  another 

way  in  which  electricity  

is  called  into  action,  vtz.  A  ^^  N^^^^^^^^^^^^^^^^^P 
by  the  mere  contiguity 
of  an  electrified  body. 
Let  B  be  an  insulated 
conductor,  and  let  it  be 
placed  in  the  vicinity  of 
A,  an  electric,  excited, 
we  will  suppose,  positively;  it  will  be  found  by  the  test  already  de* 
scribed,  that  the  end  of  B  next  to  A  is  excited  negatively,  and  the 
remote  end  of  B  positively.  Reversing  the  experiment,  and  making 
A  negative,  the  nearest  end  of  the  conductor  will  be  positive,  and 
the  remote  negative ;  and  the  middle  of  the  conductor  will  be  neu- 
tral. If  the  electric.  A,  be  removed  from  the  vicinity  of  B,  and  its 
electricity  examined  by  the  quadrant  electrometer,  it  will  be  found 
to  be  precisely  the  same  as  before  approaching  it  to  B,  and  the  signs 
of  opposite  electricities  in  B,  consisting  in  the  divergence  of  the 
two  pairs  of  balls,  will  have  ceased.  In  this  case,  all  that  happens 
to  B  is  a  disturbance  of  the  equilibrium  of  its  electricity,  occasion- 
ed, it  should  appear,  by  the  repulsive  action  of  the  electric  atmo- 
sphere of  A,  and  ceasing  on  its  removal.  To  electricity,  thus  set 
in  motion  by  mere  contiguity,  the  French  philosophers  have  given 
the  name  of  electriciU  par  injhtcnce^  and  in  our  own  language  it  is 
called  electricity  by  induction,  or  induced  electricity.  It  is  a  law  of 
coniidcrable  importance,  and  has  been  successfully  applied  to  ex- 
plain the  phenomena  of  the  Leydcn  jar,  and  of  the  instruments  call- 
ed electrical  doubkra  and  condensers.  It  would  lead  me  too  far  from 
the  subject  (o  trace  it  through  these  applications.  It  may  be  suffi- 
cient to  remind  the  reader,  that  when  the  inside  of  a  Lcyden  jar  is 
rendered  positive  by  its  communication  with  the  charged  conductor 
of  a  machine,  the  outside  of  the  jar  is,  by  the  law  of  induction^ 
rendered  negative,  in  exactly  the  same  degree.  The  restoratioOy 
through  a  conductor,  of  the  equilibrium  of  electricity  between  the 
two  surfaces,  is  attended  with  a  snap  or  report.  If  we  unite  several 
jars  together,  by  wires  descending  to  the  inner  coating,  and  joined 
at  the  top,  we  greatly  increase  the  loudness  of  the  report,  and  the 
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odier  effiBcts  of  the  charge.  Such  «  combination  ofaingle  jtre 
•titutes  the  dedrital  batiery. 

All  the  phenomena  of  eiectricity,  it  appears,  are  proportional  to 
tho  superficial  extent  of  bodies,  and  not  to  thdr  masses.  Hence 
the  piune  conductor  of  a  machine  is  always  a  hollow  cylinder  of 
metaL  The  excitation  of  electrics  depends  too  materially  vpon 
tiie  nature  of  their  surface ;  and,  by  altering  this,  the  kind  of  their 
electricity  may  even  be  reversed.  Thus  polished  glass  imparts 
positive  electricity  when  rubbed  with  silk,  out  negative.  If  tho  mr- 
lace  of  the  glass  be  previously  made  rough  by  grinding. 

We  may  now  proceed  to  a  modification  of  electricity  exhibited 
by  a  series  of  phenomena,  which  have  for  their  cause  the  snbtile 
flnidj  of  whose  laws  a  very  general  outline  has  been  offbred.  Thna 
modified  it  has  received  the  name  of  Galvanism* 

That  branch  of  natural  science  which  comprehends  the  phenomeBa 
of  Galvajhsm,  and  the  general  principles  under  wldch  tliey  are  ar- 
ranged, is  only  of  recent  origin.  It  was  not  tiU  the  year  1701,  that 
Galvani,  an  Italian  philosopher,  being  engaged  in  a  course  of  cx- 
perim^ts  on  animal  irriubility,  obsenred  accidentally  the  contrac- 
tions, which  are  excited  in  the  limbs  of  frogs,  by  api^jiflig  a  con- 
ductor of  electricity  between  a  n^pre  and  a  muscle.  The  theoryt 
which  he  framed  to  account  for  this  phenomenon,  was,  that  the 
different  parts  of  an  animal  are  in  opposite  states  of  electrlcitfy  and 
that  the  effect  of  the  metal  is  merely  to  restore  the  equilionnnb 
The  analogy,  however,  was  afterwanis  shown  to  be  without  foun- 
dation. For  Volta  excited  similar  contractions,  by  making  a  con- 
nexion between  two  parts  of  a  nerve,  between  two  muscles,  or  be- 
tween two  parts  of  the  same  muscle ;  but,  to  produce  the  effect,  two 
different  metals  were  found  to  be  essential.  Hence  he  was  led  to 
infer  that,  by  the  contact  of  different  metals,  a  small  quantity  of 
electricity  is  excited ;  and  to  the  agency  of  this  electricity,  first  upon 
the  nerves,  and  through  their  mediation  on  the  muscles,  he  ascribed 
the  phenomena  in  question. 

Several  years  elapsed,  during  which  the  action  of  g^vanic  elec- 
tricity on  the  animal  body,  and  the  discussion  of  its  cause,  occupied 
chiefly  the  attention  of  philosophers.  Early  in  1800,  the  subject 
took  a  new  turn,  in  consequence  of  the  discovery  by  Signer  Volta 
of  the  Galvanic  pile  ;*  a  discovery  which  has  furnished  ua  with  new 
and  niost  powerful  instruments  of  analysis.  From  this  period,  dis- 
coveries have  multiplied  with  a  rapidity,  and  to  an  extent,  which 
surpass  any  thing  before  known  in  the  history  of  science ;  and  the 
facts  are  now  become  so  numerous,  that  an  arrangement  and  clas- 
rification  of  them  seem  to  be  preferable  to  an  historical  detail  in  the 
order  of  time.  The  method,  which  appears  to  me  best  calculated 
to  give  a  distinct  view  of  the  subject,  is  to  describe, 

L  The  construction  of  galvanic  apparatus,  and  the  circumstances 
eksential  to  the  excitement  of  this  modification  of  electricity : 

11.  The  facts,  which  establish  its  identity  with  the  electricity  ex- 
cited by  ordinary  processes : 

•  Fbiloiopliical TnuMsctiont,  1800|  or  Philosophjcs]  lf«gss'uie^  vii.  38y. 
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r  galvanic  fiuid  in  producing 
1  the  present  state  of 


IIL  The  i^eocy  of  the  electric  d 
chemical  changes: 

IV.  The  theory,  by  which  these  changes, 
our  ItDowIedge,  are  beat  explained  : 

V.  The  hypotheses,  which  have  been  framed  to  account  for  the 
origin  of  the  electricity,  excited  by  galvanic  arrangements:    And, 

VI.  I  shall  offer  a  very  general  view  of  the  phenomena  of  eltctro- 
raagnetic  motion,  which,  with  the  principles  difducible  from  them, 
promise  to  throw  light  on  some  of  the  most  interesting,  but  obscure, 
operations  of  nature. 


SECTION  I. 


OfOtt  corutruaion  of  Gahmic  ■SrranganetUt. 

Theconditiona,  required  for  the  excitement  of  gaWanic  electricity, 
mre  altogether  different  from  those  which  have  been  described  as 
essential  to  the  excitation  of  the  electric  fluid  by  long  known  methods, 
for  the  class  of  bodies,  termed  electrics,  have  not  necessarily  any 
share  in  the  phenomena.  AH  that  is  required  is  the  simple  contact 
of  different  eonducling  bodies  with  each  other.  Conductors  of  elec- 
tricity  have  been  divided  into  ptrftct  and  imperfect,  the  former  com- 
prehending the  metals,  plumbago  and  charcoal,  the  mineral  acids, 
And  saline  solutions;  the  Uticr,  or  imperfect,  including  water,  al- 
cohol and  ether,  sulphur,  oils,  resins,  m(;taUic  oxides,  and  com- 
pounds of  chlorine. 

The  least  complicated  galvanic  arrangement  is  termed  a  simple 
GALVANIC  CIRCLE-  It  cousists  of  three  conductors,  of  which  one  at 
least  must  be  solid,  the  second  fluid,  the  third  may  be  cither  solid 
or  fluid.  In  the  following  Tables,  constructed  by  Sir  H.  Davy, 
some  different  simple  circles  are  arranged  in  the  order  of  their  pow- 
ers, the  most  energetic  occupying  the  highest  place. 


TbUe  ^  Mome  Eledriral  Arrani^emeniB,  rrhich,  by  tombination,form 
Voltaic  Balleria,  compoted  if  ttooptrfat  Cotuluctori  and  out  im- 
perfect Conductor. 
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la  explanation  of  these  Tables,  Sir  H.  .Davy  observest  that  ia 
all  cases  when  the  fluid  menstrua  afford  oxyg^en,  Uiose  metalii  which 
have  the  strongest  attraction  for  oxygen,  are  those  which  form  the 
positive  pole.  But  when  the  fluid  menstrua  afford  sulphvr  to  the 
metals,  tne  metal  which,  under  the  existing  circumstanteiy  has 
the  strongest  attraction  for  sulphur,  determines  the  posidve  yM* 
Thus,  in  a  series  of  copper  and  iron  plates,  introduced  into  a  por- 
celain trough,  the  cells  of  which  are  filled  with  water,  or  with 
acid  solutions,  the  iron  is  positive  and  the  copper  negative ;  hat 
when  the  cells  are  filled  with  solution  of  salphnret  of  potaata»  the 
copper  is  positive  and  the  iron  neeative.  When  one  metal  oidy  Is 
concerned,  the  snrface  opposite  uie  acid  is  negadve,  and  that  hi 
contact  with  solution  of  alkali  and  sulphur,  or  of  alkali,  is  poritive. 
(El.  of  Ch.  Phil.  p.  148.) 

Several  attempts  have  been  made  to  form  galvanic  circles  with- 
out metals;  but  thoug^h  successful  to  a  certain  degree,  they  have 
but  feeble  powers.  Of  this  kind  are  alternate  layers  of  charcoal 
and  plumbago ;  layers  of  muscle  and  brain,  with  pieces  of  moist- 
ened cloth  or  leather  interposed ;— and  discs  of  red  beet-root,  two 
inches  in  diameter,  with  discs  of  walnut  tree  of  the  same  size,  di- 
vested of  their  resin  by  digestion  in  a  solution  of  cream  of  tartar 
in  vinegar.  With  the  last,  galvanic  effects  were  produced  on  a 
frog,  a  leaf  of  scurvy  grass  being  taken  as  an  exciter.  (Nich* 
Jour,  xviii.  159.) 

The  powers  of  simple  galvanic  circles  are  but  feeble ;  but  they 
may  be  made  sufficiently  apparent  by  the  following  experiments. 

1.  When  a  piece  of  zinc  is  laid  upon  the  tongue,  and  a  piece  of 
silver  under  it,  no  sensation  is  excited,  so  long  as  the  metals  are 
kept  apart ;  but,  on  bringing  them  into  contact^  a  metallic  taste  is 
distinctly  perceived.  In  this  case  we  have  an  example  of  the  ar- 
tai^ment  of  two  perfect  conductors  (the  metals)  with  one  impcr* 
S^t  one  (the  tongue,  or  rather  the  fluids  which  it  contains).  The 
metallic  taste  arises,  in  all  probability,  from  the  excitement  of  a 
small  quantity  of  electricity  by  the  contact  of  the  metals,  and  its 
action  on  the  nerves  of  the  tongue. 

&  A  piece  of  zinc,  immersed  under  water  which  is  freely  ex- 
posed to  the  atmosphere,  oxidizes  very  slowly ;  but  when  placed 
m  the  same  situation,  in  contact  with  a  piece  of  silver,  its  oxida- 
tion is  much  more  rapid.    By  immersing  iron  and  silver  (also  ia 
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contact  withnch  other)  tinder  diluted  murittic  acid,  the  actim  of 
the  acid  upon  the  iron  is  considerably  increased ;  and  hydrogen 
g^i  is  evolved  from  the  water,  not  only  where  it  is  in  contact  with 
the  iron,  but  where  it  touches  the  silver.  These  facts  explain,  why, 
in  the  sheathing  of  ships,  it  ts  necessary  to  use  bolts  of  the  same 
metal  which  forms  the  plates ;  for  if  two  different  metals  be  cm- 
ployed,  they  both  oxidate,  or  rust,  very  speedily,  in  consequence 
of  their  forming,  with  the  water  of  the  ocean,  a  simple  g^vanic 
circle. 

Of  compound  Galvanic  Circles  or  Balteriet. 

Galvanic  batteries  are  formed  by  multiplying  those  arrange- 
ments, which  compose  simple  circles.  Thus  if  plates  of  zinc  and 
of  silver,  and  pieces  of  woollen  cloth  of  the  same  size  as  the  plates, 
and  moistened  with  water,  be  piled  upon  each  other  (tig.  77.  pi.  ix.), 
in  the  order  of  sine,  silver,  cloth ;  zinc,  silver,  cloth ;  and  so  on, 
for  twenty  or  more  repetitions,  we  obtain  a  galvanic  battery ;  term- 
ed, from  its  discoverer,  the  Pilt  of  Volta.  The  power  oi  such  a 
combination  is  sufficient  to  give  a  smart  shock,  as  may  be  felt  by 
grasping  in  the  hands,  which  should  be  previously  moistened,  two 
metallic  rods,  and  touching  with  these  the  upper  and  lower  exti-e- 
mities  of  the  pile.  The  shock  may  be  reuewed  at  pleasure;  until, 
after  a  few  hours,  the  activity  of  llie  pile  begins  to  abate,  auil  finally 
ceases  altogether. 

The  metals  composing  a  galvanic  battery,  may  he  more  conve- 
niently arranged  in  the  form  of  a  trough,  a  happy  invention  of  Mr. 
Cruickshank.  In  a  long  and  narrow  wooden  trough,  made  of  baked 
wood,  grooves  arc  cut,  opposite  to  and  at  the  distance  of  iKlwetu 
j  and  i  of  an  inch  from  each  other;  and  into  these  are  let  down, 
and  secured  by  cement.  s([uare  plates  of  zinc  and  coppi^r.  picvinus- 
ly  united  together  by  soldering.  (See  figs.  r>7  and  7H.)  The  space, 
therefore,  between  each  pair  of  plates  forms  a  cell  for  the  purpose 
of  containing  the  lii(uid,  by  which  the  comltinuiion  is  to  be  made, 
active.  The  advantage  of  this  contrivance,  over  the  ]>ile,  is  partly 
that  it  is  much  more  easily  put  in  order ;  but,  besides  this,  it  is  a 
more  efficient  instrument.  When  constructed  in  the  way  which 
has  been  described,  it  affords  an  exampli-  of  a  galvanic  combina- 
tion of  the.  first  kind,  formed  by  two  perfect  and  one  imperfect  con- 
ductor. But  it  admits  of  being  modified,  by  cementing,  into  the 
grooves,  plates  of  one  metal  only,  and  filling  the  cells,  alternately. 
with  two  different  ti(]uids,  as  diluted  nitric  acid  and  solution  of 
lulphuret  of  potash.  In  this  rase,  we  have  a  battery  (/  llir  nccmd 
wdrr,  formed  by  the  repetition  of  one  perfect  and  two  imperfect 
conductors.  For  all  purposes  of  i-xpcnment,  the  first  kind  of  ar- 
rangement is  universally  prcfi'rici!. 

Another  modification  of  the  ajiparatus,  which  may  lie  called  Ihc 
Chain  of  Cvp»,  was  proposed  by  Volta  at  the  same  time  that  he 
codimunicaled  his  invention  of  the  Pile;  and,  from  the  experiments 
of  Mr.  Children,*  it  appears  to  Ijc  a  very  useful  and  powerful  one. 

■  Pbilutopbical  Tmmactiuiu,  1609,  p.  32. 
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It  consbtk  of  a  row  of  glasaea  (see  fig.  75"^  Mch  at  wino 
or  small  tumblers,  for  the  purpose  of  containing  anj  fluid  that  wuBf 
be  selected.  Into  each  of  these  glasses  is  plunged  a  plate  of  liac 
and  another  of  copper,  each  not  less  than  an  inch  square,  wbich 
are  not  to  touch  each  other.  The  plates  of  different  cupa  are  cosi- 
nected  by  metidlic  wires  or  arcs,  in  such  a  manner  that  the  idac  of 
the  first  cup  communicates  with  the  copper  of  the  second;  the 
*  sine  of  the  second  with  the  copper  of  the  diird;  and  so  on  tfaroe^ 
the  whole  row.  The  shock  is  felt  on  dippine  the  fingera  of  one 
hand  into  the  fluid  of  the  first  cup,  and  those  ot  the  other  hand  hito 
the  last  of  the  series.  The  superiority  of  this  arrangement  con- 
sists in  both  surfaces  of  each  metallic  plate  being  expooed  to  the 
action  of  the  liquid;  whereas,  by  soldermg  the  plates  together,  one 
of  Uie  surfaces  of  each  is  protected  from  ue  liquid,  and  contrihnSea 
nothing  to  the  effect.  The  common  trough  has  lately  been  made 
to  combine  this  advantage,  by  dividing  it  into  cells,  not  by  |>htea 
of  metal,  but  by  parUtions  of  glass.  Into  each  of  these  odla  filled 
with  the  proper  liquid,  a  plate  of  each  metal  is  introduced,  bnt 
not  so  as  to  touch  each  other.  A  communication  is  then  made  by 
a  metallic  arc,  between  the  zinc  plate  of  each -cell  and  the  copper 
one  of  the  next,  precisely  as  in  the  chain  of  cups.  More  lately  the 
troughs  themselves  have  been  made  of  earthen  ware,  and  the  pu^ 
titions  of  the  same  material;  the  apparatus  being  coiiq>kted,  m 
other  respects,  in  the  manner  already  described.  X he  pliuea,  also, 
are  now  so  suspended,  that  when  not  in  use,  they  may  all  be  lifted 
out  of  the  cells  at  once.*  And  it  has  been  recently  ascertained  that 
the  power  of  a  battery  is  increased  at  least  one  half  by  placing  in 
each  cell  one  zinc  and  two  copper  plates,  so  that  each  surface  of 
zinc  may  be  opposed  to  a  surface  of  copper,  t 

The  size  of  the  plates  has  been  varied  from  one  or  two  inches 
to  several  feet  The  largre  battery,  described  by  Mr.  Children  in 
the  Philosophical  Transactions  for  1815,  consisted  of  plates  each 
six  feet  by  two  feet  eight  inches,  equal  to  3£  square  feet ;  and  the 
cells  were  capable  of  containing  about  945  gallons  of  liquid.  For 
ordinary  purposes,  plates  of  two  inches  square  are  sufficient;  but 
for  the  decomposition  of  several  bodies,  not  less  than  100  pairs 
of  plates,  each  four  inches  square,  are  required. f  The  enlarge- 
ment of  the  size  of  the  troughs,  so  as  to  contain  this  number,  would 
be  extremely  inconvenient;  and  we  may  therefore  combine  the 
power  of  several  troughs,  by  uniting  the  zinc  end  of  the  one  with 
the  copper  end  of  the  other,  by  the  intervention  of  a  metallic  wire, 
or  by  an  arc  of  silver  or  zinc. 

A  convenient  and  powerful  galvanic  battery,  called,  from  the 
nature  of  its  effects,  a  cahrimotor^  has  been  constructed  by  Dr. 
Hare  of  Philadelphia,  of  zinc  and  copper  sheets  formed  into  coils. 
The  zinc  sheets  were  about  nine  inches  by  six ;  the  copper  fbur- 

*  See  PepySi  in  Journal  of  Science,  Sec  i.  193. 
f  Phil.  Timns.  1815. 

i  Some  uicful  information  respecting  the  number  and  size  of  pbtes,  adapted 
to  different  jjftfpoiiea,  is  ghrcn  by  Mr.  Singer  in  Nichohon*s  Journal,  zxiv.  174. 
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teen  by  six;  more  of  the  tatter  metal  bein^  necessary,  as,  in  every 
coil,  it  was  made  to  commence  within  tht  zinc,  and  completely  to 
surround  it  without.  The  sheets  were  coiled  so  as  not  to  leave  be- 
tween them  an  interstice  wide'r  than  a  quarter  of  an  inch.  £acb 
coil  waa,  in  diameter,  about  two  inches  and  a  half;  ihcir  number 
amounted  to  80;  and,  by  means  of  a  lever,  they  were  made  all  to 
descend  together  into  80  |>'lass  jars,  2  inches  and  3-4ths  diameter 
inside,  and  eight  inches  high,  duly  placed  to  receive  them.  The 
effects  of  this  apparatus,  in  producing  ignition,  appear  to  have 
been  very  striking,  especially  at  the  moment  of  immersion,  when 
Dr.  Hare  found  the  eflect  to  Ik  by  much  the  most  powerful.  (Sil- 
liman's  Journal,  iii.  103.)  An  apparatus  of  8U  coils  produced  a 
vivid  ignition  in  charcoal ;  and  when  the  points  of  the  charcoal 
were  drawn  three-fourths  of  an  inch  apart  from  each  other,  a  most 
brilliant  arc  of  flame  extended  between  them.  The  powerful  appa- 
ratus, constructed  under  the  direction  of  Mr.  Pcpya,  for  the  Lon- 
don Institution,  belongs  also  to  this  class.    (PhiL  Trans.  1823.) 

It  may  be  suRicient  to  add,  in  general  terms,  that  every  combi- 
nation, which  is  capable  of  forming  a  simple  galvanic  circle,  may, 
"  by  sufficient  repetition,  be  made  to  compose  a  battery.  The  com- 
binations, also,  which  are  most  active  in  simple  circles,  arc  ob- 
served to  be  most  efficient  in  compound  ones.  The  foregoing  ta- 
bles of  Sir  H.  Davy  express,  therefore,  the  powers  of  compound 
as  well  as  of  simple  arrangements. 

To  construct  a  battery  of  the  first  ordtr,  it  is  essential  that  a  fluid 
be  employed,  which  exerts  a  chemical  action  upon  one  of  the  me- 
tals. Pure  water,  entirely  deprived  of  air,  appears  to  be  inefficient. 
In  general,  indeed,  the  galvanic  effect  is,  within  certain  limits,  pro- 
portional to  the  rapidity  with  which  the  more  oxidu.ble  metal  is 
acted  upon  by  the  mterveniiig  fluid.  Spring  water  was  found  suf- 
ficient, in  Mr.  Children's  immense  battery,  to  produce  the  ignition 
of  platinum  wire.  The  fluid  generally  used  is  nitric  acid,  diluted 
with  20  or  30  times  its  weight  of  water.  Mr.  Children  recom- 
mends a  mixture  of  three  parts  fuming  nitrous  acid,  and  one  sul- 
phuric diluted  with  thirty  parts  of  water.  Directions,  also,  re- 
specting the  best  kind  and  density  of  acids,  for  producing  galvanic 
electricity,  are  given  by  Mr.  Singer.  From  his  experiments  it  ap- 
p<;ars,  that  acid  of  different  densities  is  required  for  different  pur- 
poses. The  best  wirc-mcIting  charge  is  formed  with  ten  gallons 
of  water,  five  pounds  uf  nitric  acid,  and  half  a  pound  of  muriatic 

The  power  of  the  apparatus  has  been  ftnmd  to  lie  increased,  wlien 
insulated  by  iionH:onductor'i;  and  when  surrounded  by  an  allium 
sphere  of  oxygen  gas;  not  stifliciently,  however,  to  make  it  n^ 
cessary  to  resort  to  either  of  these  expedients  in  ordinary  cases. 
Oxygen  gas  disappears  in  this  process,  when  carried  on  under  a 
receiver;  and,afl^er  all  the  oxygen  Is  absorbed,  the  effect  ccaKS, 
and  is  renewed  by  introducing  a  fresh  portion.  A  battery,  also, 
which  has  ceased  to  be  efficient,  has  its  activity  renewed  by  i-inp- 
lyiitg  the  cells  of  their  liquor,  and  uncovering  the  plates.  When 
these  cells  arc  filled  with  diluted  nitric  acid,  the  apparatus  conti. 
Vol.  I.  X 
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nues  active,  even  under  the  ezbauBted  recdver  it  an  dMNnu  or 
in  an  atmosphere  of  carbomc  acid  or  nitrogen  gates,    ami  if  the 

.  ceOs  be  filled  with  water  only,  all  action  is  suspended,  by  iilsrhft 

it  under  anj  of  these  drcumstances.    if ence  it  i^peart  that  liw 

oaidation  oi  one  or  both  of  the  metals,  composing  the  trottgh^  is 

essential  to  the  excitement  of  galvanic  electricity. 

The  dsefrie  eoAmm  may  be  cUssed  among  galvanic  arnmgemeBiBb 

#It  was  originally  contrived  by  M.  de  Luc,  who  fonned  it  of  diacs 
of  Dutch  gpLlt  paper,  alternated  with  similar  discs  tii  laminated 
sine  These  were  piled  on  each  other  in  a  dry  state  (or  at  least  in 
a  state  of  dryness  at  ordinary  temperatures,  for  paper  cannot  be 
made  or  preserved  absolutely  dry,  except  at  a  heat  nearly  suAdant 
to  scorch  it).  This  instrument,  instead  of  being  soon  cxlunialed, 
like  the  pile  with  humid  substances,  was  found  to  condnne  active 
for  some  years.*  A  similar  pile  may  be  formed  by  laying  n  nifr 
ture  of  very  finely  powdered  zinc  wiUi  common  glue  aMln  little 
sugar,  by  means  ofa  brush,  on  the  back  of  Dutch  g^t  paper;  and, 
when  dry,  cutting  it  into  discs,  which  are  to  be  pilea  on  each  other.f 
Zamboni  of  Verona  has  constructed  a  pile  of  slips  of  silver  pmer, 
on  the  unsUvered  side  of  which  is  spread  a  layerof  black  osiae  of 
manganese  and  honey.  These  papers  are  piled  on  each  other  to 
the  number  of  2000 ;  then  covered  externally  with  a  coatfng  of 
shell  lac ;  and  enclosed  in  a  hollow  brass  cylinder.  Two  of  tfiese 
piles  are  placed  at  the  distance  of  four  or  five  inches  from  OMh 
other ;  and  between  them  is  suspended  on  a  pivot  a  light  metallic 
needle,  which  is  attracted  alternately  to  the  one  pile  and  the  other, 
so  that  it  moves  between  them  like  a  pendulum.  This  instrument 
has  been  applied  to  the  measurement  of  time,  by  causing  it  to  give 
motion  to  the  pendulum  of  a  clock,  t 


SECTION  11. 

On  the  mutual  Relation  of  Electricity  and  (rolvanUm. 

Is  the  influence,  it  may  now  be  inquired,  which  is  called  into 
action  in  a  way  so  different  from  that  employed  for  the  excitation 
of  ordinary  electricity,  identical  with  it  or  of  a  different  kind  I 
This  question  will  be  decided  by  examining  whether  any  of  those 
phenomena,  which  are  occasioned  by  the  agency  of  the  electric 
fluid,  arc  produced  also  by  that  of  galvanism;  and  we  shall  find 
the  following  striking  resemblances ; 

1.  The  sensation  produced  l)y  the  galvanic  shock,  is  extremely 
dmilar  to  that  which  is  excited  by  the  discharge  of  a  Lcyden  jar. 
Both  influences,  also,  arc  propagated  through  a  number  of  persons, 
without  any  perceptible  interval  of  lime. 

2.  Those  bodies,  which  arc  conductors  of  electricity,  arc  also 

*  Nicholson's  Journal,  vol.  xxvi.  |  pbU.  llag.  xlvii.  265. 

»  PkiL  MmS'  zlv.  261.  awl  Ann.  dc  Ch.  ct  de  Pbyi.  xi.  190. 
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conductors  of  the  galvanic  fluid,  as  the  metal-s  charcoal,  and  a  va- 
riety of  liquids.  Again,  it  is  not  transmitted  by  glass,  sulphur, 
and  the  whole  class  of  electrics,  which  do  not  convey  ordinary 
electricity.  Among  liquids,  those  only  arc  conductors  of  electri- , 
city  and  galvanism,  which  contain  oxygen  as  one  of  their  ele- 
ments.* 

5.  The  galvanic  fluid  passes  through  air  and  certain  other  non- 
conductors, in  the  form  of  sparks ;  accompanied  with  a  snap  or 
report;  and,  like  the  electric  fluid,  it  may  be  made  to  inflame  gun- 

fowdcr,  phosphorus,  and  mixtures  of  hydrogen  and  oxygen  gases, 
t  has  been  found,  also,  by  Mr.  Children,  that  in  the  Voltaic  ap- 
paratus there  is,  what  is  called  in  electricity,  a  striking  distance^ 
With  a  power  of  1250  pairs  of  four  inch  plates,  he  iound  this 
distance  to  be  one  50th  or  an  inch,  the  thickness  of  a  plate  of  air, 
through  which  the  galvanic  discharge  is  able  to  past  in  the  form 
of  a  spark.  Increasing  the  number  of  plates,  the  striking  distance 
will  be  greater ;  and  the  reverse  when  it  is  diminished.  It  is  also 
increased  by  rarefying  the  air,  through  which  the  spark  is  trans- 
mitted. 

4.  The  Voltaic  apparatus  is  capable  of  communicating  a  charge 
to  a  I^yden  jar,  or  even  to  a  battery.  If  the  zinc  end  of  a  pile 
(whether  it  be  uppermost  or  the  contrary)  be  made  to  communi- 
cate for  a  moment  with  the  inside  of  a  jar,  it  is  charged  positive- 
ly. If  circumstances  be  reversed,  and  the  copper  end  be  similarly 
connected,  the  jar  is  charged  negalively.f  The  shocks  do  not  dif- 
fer from  those  of  a  jar  or  battery,  charged  to  the  same  intensity  by 
a  common  electrical  machine. 

5.  Galvanism,  even  when  excited  by  a  single  galvanic  circle  only 
(such  as  a  piece  of  zinc,  a  similar  one  of  copper,  and  a  piece  of 
cloth  moistened  with  a  solution  of  muriate  of  ammonia),  distinctly 
affects  the  gold  loaf  of  the  condensing  electrometer.  If  the  zinc 
end  be  uppermost,  and  be  connected  directly  with  the  instrument, 
the  electricity  indicated  is  positive;  if  the  pin  of  the  electrometer 
touch  the  copper,  the  electricity  is  negative.  A  pile  consisting  of 
sixty  combinations  produces  the  effect  still  more  remarkably. | 

6.  The  chemical  changes  produced  by  galvanic  and  common 
electricity,  so  far  as  they  have  hitherto  been  examined,  are  pre- 
cisely similar.  These  will  form  the  subject  of  the  following  sec- 
tion. 

*  Cruickshank,  in  Nicholson's  4t<).  Journal,  iv.  258. 

I  Cuthbcrtson's  Practical  Eicctricity^and  Galvanism,  p.  261 ;  Volta,  in  Nichol- 
son's  Journal,  8vo.  i.  140 ;  Van  Marum,  in  Philosophical  Magazine,  xii.  162  { 
Singer,  p.  126. 

♦  Nicholson,  4to.  iv.  174,  8vo.  i.  139,  and  ii.  281  ;  Cuthbertson,  p.  264 ;  and 
Sin^r,  p.  317  ;  where  the  cautions  necessary  to  the  success  of  this  delicate  ez« 
penment  are  particularly  described. 
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SECTION  m. 
On  ike  Chmkd  Jigenda  qfEledrkiiy  wfd  CUhmimm. 

The  effects  of  the  electric  or  galvanic  flaidsi  in  i>rodttdiig  the* 
mical  decomposition,  cannot  be  aescribed,  without  introdudng  la 
the  reader  the  names  of  scTcral  substances,  with  which,  Jn  the 
present  state  of  his  knowledge,  he  may  be  supposed  to  be  unac- 
quainted. This  difficulty  is  unavoidable;  for  it  is  impossible  to 
explain  the  general  laws  of  electro-chemical  action,  without  a  va- 
riety of  particular  instances.  In  general,  however,  it  will  be  fiMuii 
that  a  minute  acquaintance  with  the  bodies,  which  are  brou^  hi 
illustration,  is  by  no  means  essential;  and  that  it  is  sufficient  to 
consider  thdfai  abstractedly  as  composed  of  two  ingredient%  whidi 
are  in  opposite  dectrical  states,  and  are  subject  to  the  laws  of  elec- 
trical attraction  and  repulsion. 

The  most  simple  chemical  effisct,  produced  alike  hj  the  agency 
of  electricity  and  galvanism,  is  thetgm^iofi  and/bmmof  mHahi. 
When  a  piece  of  watch-pendulum  wire  is  placed  in  the  circAt  of  a 
common  electrical  battery,  containing  not  less  than  three  or  fear 
square  feet  of  coating,  at  the  moment  of  the  discharge  the  wire  be- 
comes  red-hot ;  but  continues  so  atdj  for  a  few  seconds ;  no  longer, 
indeed,  than  if  it  had  been  ignited  m  any  other  way**  The  aame 
eifect  may  be  produced  by  making  a  piece  of  wire  the  medium  of 
communication  between  the  opposite  extremities  of  a  galvanic 
trough ;  but,  in  this  case,  the  heat  continues  sensibly  longer,  than 
when  it  is  excited  by  an  electrical  explosion.  Indeed,  a  platinum 
wire  may  be  kept  ignited  in  vacuo^  for  an  unlimited  time,  by  Voltaic 
electricity.  Water,  surrounding  a  wire  so  placed,  may  be  made  to 
boil  briskly. 

By  means  of  his  large  battery,  Mr.  Children  not  only  ignited 
wire  of  considerable  thickness ;  but  a  bar  of  platinum,  ^th  of  an 
inch  square  and  £i  inches  long,  was  ignited,  and  even  fused  at  one 
end.  The  facility  of  bein^  ignited,  in  the  different  metals,  appear- 
ed to  be  inversely  proportional  to  their  power  of  conducting  heat. 
Thus  platinum,  which  has  the  lowest  conducting  power,  was  most 
easily  ignited ;  and  silver,  which  conducts  heat  better  than  any  other 
metal,  was  ignited  with  greater  difficulty  than  any  of  the  rest. 

It  does  not  appear,  however,  that  a  very  powerful  combination 
is  required  to  produce  ignition,  if  the  wire  be  made  of  proportion- 
ately small  diameter.  Dr.  Wollaston  has  ascertained  that  a  wire 
^\pf  of  an  inch  in  diameter  may  be  ij>^ited  by  a  single  zinc  plate 
only  one  inch  square,  provided  each  of  its  surfaces  be  opposed  to  a 
surface  of  copper  or  some  other  metal.  The  liquor,  which  he  cm- 
ployed,  was  a  mixture  of  one  measure  of  sulphuric  acid  with  50 
measures  of  water.  Any  farther  diminution  in  the  diameter  of  the 
wire  he  found  to  be  unfavourable  to  the  effect,  in  consequence  of 

*  On  the  quantity  of  coated  aurfacc  required  for  igniting  different  lengths  of 
wire,  the  reader  may  consult  Mr.  Cuthbcrnon's  bool^  p.  161,  &c. 
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the  increase  of  the  cooling  power  of  the  atmosphere.    (Ann.  of  PhiL 
vi.  209.) 

When  the  power  of  an  electrical  battery  is  increased,  metallic 
wires,  by  transmitting  the  discharge  through  them,  may  be  melted 
and  dispersed  in  the  form  of  smoke,  or  of  an  impalpable  powder 
lighter  than  air.  The  galvanic  discharge,  also,  is  capable  of  fusing 
metallic  wires ;  but  being  less  violent,  it  does  not  scatter  iheir  par- 
ticles :o  a  distance.  Even  wire  formed  of  the  most  infusible  of  the 
metals,  platinum,  acquires  a  white  heat,  and  melts  into  globules. 

Wiih  a  still  more  powerful  electrical  battery  (one  for  example 
containing  about  18  square  feet)  metallic  wires  are  not  only  melted, 
but  undergo  absolute  contbustioru  Lead  and  tin  wire  emit  a  yellow 
light,  and  copper  and  silver  a  green  one.  If  the  experiment  be 
made  on  wire  confined  in  a  glass  receiver,  which  contains  a  mea- 
sured quantity  of  air,  the  bulk  of  the  air,  and  its  proportion  of  oxy- 
gen, are  both  found  to  be  diminished.*  The  metals  are  converted 
into  oxides  of  diiferent  colours :  lead,  tin,  and  zinc,  into  white  oxides; 
platinum,  gold,  silver,  and  copper,  into  oxides  of  a  dark  colour. 
The  experiment  may  be  pleasingly  varied  bypassing  the  discharge 
through  wires,  stretched  over  planes  of  glass  or  sheets  of  paper,  at 
a  small«  distance  from  their  surface.  The  metallic  oxide  which  is 
produced  is  forcibly  driven  into  the  glass  or  paper;  and  produces 
beautiful  figures,  varying  in  colour  with  the  metal  employed.!  It 
appears,  also,  from  Mr.  Singer's  experiments,  that  the  oxides  of 
some  of  the  compound  metals,  when  thus  treated,  (brass  wire  for 
instance)  are  exhibited  in  a  completely  separate  state. 

The  combustion  of  metals  may  bo  effected,  also,  by  galvanic 
electricity;  but  for  this  purpose  the  form  of  very  thin  leaves  is  pre- 
ferable to  that  of  wire.  The  plates,  composing  the  galvanic  trough, 
should,  for  this  purpose,  be  not  less  than  four  inches  square,  the 
larger  indeed  the  better;  and  several  troughs  should  be  joined  to- 
gether, so  as  to  form  an  aggregate  of  not  less  than  10()  or  150  pairs 
of  plates.  The  galvanic  influence  is  to  be  conveyed  by  wires  brought 
from  each  extremity  of  the  arrangement,  and  placed  in  contact 
with  the  opposite  surfaces  of  the  leaf.  For  the  protection  of  the 
fingers,  the  wires  should  be  enclosed  in  glass  tubes.  When  thus 
exposed,  the.metals  bum,  or  rather  deflagrate,  with  great  brilliancy. 

Crold  emits  a  very  vivid  white  light,  inclining  a  little  to  blue,  and 
leaves  an  oxide,  whose  colour  verges  towards  that  of  mahogany. 
Copper  presents  similar  phenomena.  The  flame  of  silver  is  a  vivid 
green,  somewhat  like  that  of  a  pale  emerald,  and  the  light  is  more 
intense  than  that  of  gold,  ^l^1d  gives  a  vivid  light  of  a  dilute  bluish 
purple.  Tin  a  light  similar  to  that  of  gold;  and  zinc  a  bluish  white 
flume  fringed  with  red. }  In  all  these  eases,  provided  the  power  be 
sufficiently  strong,  the  deflagration  is  kept  up  for  some  tinie,  with- 
out intermission. 


•  C'uthbertson,  p.  199. 

f  Cuthbertson,  p.  2'26  ;  and  'Wilkinson's  Klcmeiitn  of  Galvanism,  in  tlic  9th 
plate  of  which  these  appearances  are  represented. 
I  Philosophical  Magmzine,  zi.  284,  and  xf  •  9(>. 
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The  most  striking  effect  of  the  Toltaic  battery,  is  the  TiVid  fig^ 
which  is  produced  by  placbg  two  pieces  of  charcoal,  cat  iato  the 
shape  of  pointed  pencils,  at  the  two  mds  of  the  wires  of  an  inter* 
.rupted  circuit  When  the  battery  is  a  very  powerful  one,  uift  the 
charcoal  points  are  brought  within  the  SOth  or  40th  of  an  inck  of 
each  other,  a  bright  spark  is  produced.  By  withdrawing  thepidnti 
from  each  other,  a  constant  discharge  takes  place  throttjf^  Iks 
heated  air,  in  a  space  eqiial  to  at  least  four  inches,  produd^g  a 
most  brilliant  arch  of  light  of  considerable  breadUi,  and  in  the 
form  of  a  double  cone.  Platinum,  introduced  into  this  arch, 
^.  as  wax  does  in  the  flame  of  a  candle.  This  light  is  more 
and  vivid  than  any  other  that  inn  be  produced  by  art,  and  prodi 
all  the  chemicd  ejects  of  solar  light.  It  does  not  arise  from  c 
bustion,  for  the  charcoal  points  are  scarcely  at  all  wasted  by  its  i 
tinuance  for  some  time. 

But  a  much  more  important  action  is  exerted  by  the  eloctiic  and 
galvanic  fluids,  in  disumting  the  elements  of  seven!  comhtaotioaL 
One  of  the  first  discoveries  of  the  chemical  agency  of  the.nOe  waa 
its  power  of  decomposing  water.  Two  pieces  of  any  metaJBc  wire 
are  thrust  through  separate  corks,  which  are  fitted  into  the  open 
'  ends  of  a  glass  tube  in  such  a  way  that  the  extremities  of  tlie  wires^ 
whep  the  corks  are  in  their  places,  may  not  be  in  contact,  bat  may 
be  at  the  distance  from  each  other  of  about  a  quarter  of  an  inch 
(see  fig.  77,  a.) 

If  the  parts  of  the  wire,  which  project  from  without  the  tube,  he 
made  to  communicate,  the  one  with  the  zinc  or  positive  end,  and 
the  other  with  the  copper  or  negative  end^  of  a  galvanic  battery,  a 
remarkable  appearance  takes  place.  The  wire,  connected  with  the 
zinc  or  positive  end  of  the  pile  or  trough,  where  it  is  in  contact 
with  the  water,  if  of  an  oxidable  metal,  is  rapidly  oxidized ;  while 
from  the  negative  wire  a  stream  of  small  bubbles  of  gas  arises. 
But  if  the  wires  employed  be  of  a  metal  which  is  not  susceptible 
of  oxidation,  such  as  gold  or  platinum,  gas  is  then  extricated  from 
both  wires,  and,  by  a  simple  contrivance,  may  be  separately  collect- 
ed. The  apparatus  for  this  purpose  is  shown  by  fig.  76,  where  the 
wires;?  and  n,  instead  of  being  introduced  into  a  straight  tube,  are 
enclosed  in  a  syphon,  and  terminate  before  they  reach  the  end,  in 
which  a  small  hole  is  to  be  ground.  When  a  stream  of  galvanic 
electricity  is  made  to  act  upon  water  thus  confined,  oxygen  gas  b 
found,  at  the  close  of  the  experiment,  in  the  leg  connected  with  the 
positive  end  of  the  battery,  and  hydrogen  gas  in  that  connected 
with  the  negative  end ;  and  in  the  proportions  which,  by  their  union, 
compose  water.  At  an  early  period  of  the  inquiry,  it  was  found, 
however,  by  Mr.  Cruickshank,  that  the  water  surrounding  the  po- 
sitive wire  became  impregnated  with  a  little  acid ;  and  that  round 
the  negative  wire  with  a  little  alkali.  If  instead  of  water  we  em- 
ploy a  metallic  solution,  the  metal  is  revived  round  the  negative 
wire  n,  and  no  hydrogen  gas  is  liberated. 

The  gases  constituting  water,  it  was  afterwards  discovered  by 
Sir  H.  Davy,  may  be  separately  produced  from  two  quantities  of 
water,  not  immediately  in  contact  with  each  other.    The  fact  is  of 
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peculiar  importance,  from  its  resemblance  to  other  more  recent 
ones,  which  have  led  that  distinguished  philosopher  to  the  dis- 
covery of  the  general  laws  of  electro-chemical  action.  Two  glass 
tubes  (p  and  n,  pL  ix.  fig.  79,)  about  one-third  of  an  inch  diameter 
and  four  inches  long,  having  each  a  piece  of  gold  wire  sealed  her- 
metically into  one  end,  and  the  other  end  open,  were  filled  with 
distilled  water,  and  placed  inverted  in  separate  glasses  filled,  also, 
with  that  fluid.  The  two  glasses,  a  and  by  were  made  to  communi- 
cate, either  by  dipping  the  fingers  of  the  right  hand  into  one  glass, 
and  those  of  the  left  into  the  other,  or  by  interposing  fresh  animal 
muscle,  or  a  living  vegetable,  or  even  moistened  thread,  as  shown 
at  c.  The  gold  wires,  projecting  from  the  sealed  ends  of  these  tubes, 
were  then  connected,  the  one  with  the  positive,  the  other  with  the 
negative  end  of  the  trough.  Gas  was  immediately  evolved  from 
both  wires.  At  the  close  of  the  experiment,  in  the  tube  p  oxygen 
gas  was  found;  in  the  negative  tube  n  hydrogen.  The  proportions 
by  measure  were,  as  nearly  as  possible,  those  which  result  from  the 
decomposition  of  water,  I'iz.  two  of  hydrogen  to  one  of  oxygen 
gas.*  Now  if  these  gases  arose,  as  they  necessarily  must,  from 
the  decomposition  of  the  same  portion  of  water,  that  portion  of 
water  must  have  been  contained  either  in  the  tube  p  or  in  tlie  tube 
n.  In  the  former  case,  the  hydrogen  gas,  found  after  the  process 
in  TL,  must  have  passed  invisibly  from  p  to  tu  through  the  interme- 
diate substance  c  Or,  if  the  water  was  decomposed  in  ??,  then  the 
reverse  process  must  have  happened  with  respect  to  the  oxygen: 
and  it  must  have  been  transmitted,  in  a  like  iniperccplil)lc  man- 
ner, from  n  to  p,  Facts  of  this  kind,  evincing  the  transference  of 
the  elements  of  a  combination,  to  a  considerable  distance,  through 
intervening  substances,  and  in  a  form  that  escapes  the  cognizance 
of  our  senses,  however  astonishing,  it  will  appear  from  the  sctiuel, 
are  sufficiently  numerous  and  well  established.  It  appears,  also, 
from  the  experiments  of  Mr.  Porrett,  that  water  may  be  forced, 
contrary  to  its  gravity,  through  the  compact  substance  of  a  blad- 
der, from  the  positive  to  the  negative  wire  of  a  galvanic  battery, 
composed  of  plates  only  l\  inch  square.! 

Different  chemical  compounds  recjuire,  for  the  disunion  of  their 
elements,  galvanic  arrangements  of  various  powers  and  intensities. 
The  decomposition  of  water  is  easily  effected  by  a  series  of  fifty 
pairs  of  plates,  each  one  or  two  inches  square.  But  for  those  which 
remain  to  be  described,  instruments  of  much  greater  power  are  ne- 
cessary. 

The  apparatus,  employed  in  the  masterly  experiments  of  Sir  H. 
Davy,  which  have  laid  the  ground-work  of  this  new  science,  was 
extremely  simple.  In  cases,  where  liquid  substances  were  operated 
«i|)(>n,  he  employed  occasionally  the  agate  cups  7;  and  i»,  fig.  80,  each 
of  which  was  capable  of  holding  about  sixty  grains  of  water.  They 
were  connected  together,  as  shown  in  the  figure  at  «,  by  the  fibi-cs 
of  a  |)cculiar  llexible  mineral  called  amianthus;  and  into  each  was 

*  Nicholson's  Journal,  4tu.  iv.  276. 
t  Thonuuii's  Aunalvy  viii.  74. 
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inserted  a  pladnnm  wire,  tbe  b(ent  extremity  of  which  ii  MMBa»  la 
each  fignre,  projecting  above  the  cap.  When  the  Tcsaela  were  ia 
actual  use,  tne  wire  of  p  was  connected  with  the  sane  or  poaiidve 
end  of  a  powerful  ^Tanic  series ;  and  that  of  n*  with  the  copper 
or  neg^TC  extremity.  For  the  agate  cups  two  hoUow  gold  coms 
were  occasionally  substituted  (p  and  n,  fig.  81,)  the  wire  pr6|ectlBg 
from  9  beine  connected  with  ue  positive,  and  that  from  »  witli  the 
negative  end  of  a  trou;gh  or  series  of  troughs.  Solid  IxkUea  were 
submitted  to  the  galvanic  influence,  either  by  immendng 


pieces  of  them  in  the  gold  cones;  or,  at  other  titles,  by  making  the 
^  *  cups  themselves  of  the  substance  intended  to  be  decomposed.  Or 
if  It  was  desirable  to  preserve  them  from  contact  with  water*  they 
were  lud  on  a  small  insulated  dish  of  platinum,  with  the  infiarior 
surface  of  which,  immediately  under  the  substance  used,  a  wilt 
from  one  end  of  the  battery  was  connected,  while  the  subsitance  it- 
adf  was  made  to  communicate  by  another  wire,  with  the  opposite 
extremity  of  the  apparatus. 

When  the  gold  cones  were  both  filled  with  a  solution  of  salphate 
of  potassa  (a  salt  composed  of  potassa  and  sulphuric  acid,)  afker 
exposure,  during  a  sufficient  time,  to  a  powerful  galvanic  arrange* 
ment,  pure  potassa  was  found  in  the  negative  cone  n,  and  salphir 
ric  acid  in  tnfe  positive  cone  p.  The  decomposition  was  quite  comr 
plete ;  for  the  kquid  in  n  contained  no  acid, and  that  in  jino  alkalL 

The  experiment  was  repeated  with  several  other  neutral  salts  if 
and  with  the  invariable  result,  that  the  acid  collected  in  the  posi- 
tive cone,  and  the  alkali  in  the  negative  one.  Strong  solutions,  or 
those  in  which  the  salt  bore  a  considerable  proportion  to  the  water, 
were  more  rapidly  acted  upon  than  weak  ones.  Metallic  salts  were, 
also,  decomposed.  The  acid  appeared,  as  before,  in  the  positive 
cone,  and  the  metal  was  deposited,  sometimes  with  a  little  oxide, 
in  the  negative  one. 

Salts,  which  are  either  insoluble,  or  very  sparingly  soluble,  in 
water,  had  their  elements  disunited  in  the  following  manner.  Cups 
were  constructed  of  them,  precisely  resembling  the  gold  cones, 
which,  as  the  salts  were  hard  and  compact  in  their  texture,  was 
easily  effected.  These,  after  being  filled  with  water,  were  connect- 
ed, by  platinum  wires,  with  the  opposite  ends  of  a  galvanic  battery, 
the  vessels  themselves  communicatmg,  as  before,  by  means  of  moist- 
ened amianthus.  At  the  conclusion  of  the  experiment,  sulphuric 
acid  (when  the  cups  were  made  of  sulphate  of  lime)  was  found  in 
the  positive  cup,  and  lime  water  in  the  negative  one.  Sulphate  of 
strontia,  fluate  of  lime,  and  sulphate  of  baryta,  were  decomposed, 
though  less  easily,  by  the  same  expedient.  In  all  these  cases  the 
acid  clement  was  found  at  the  positive  side,  and  the  earthy  one  at 
the  negative  side,  of  the  arrangement. 

These  facts  evidently  point  out  a  transference  of  the  elements  of 
combinations  from  one  electrified  vessel  or  surface  to  another  dif- 

*  Minute  directions  Tor  exhibiting  the  tnuisfcr  of  acid  and  alkali,  by  ineahs  of 
a  power  not  exceeding  thirty  pairs  of  twu-iiicli  plates,  arc  given  by  Mr.  biqger. 
(Ntdiolion's  Journal,  xxiv.  176.) 
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fcrcntly  electrified.  But  the  principle  is  made  much  more  apparent 
by  a  little  variation  of  the  experiment.  Thus,  if  solution  of  sul- 
phate of  potassa  be  electrified  in  the  positive  cone  pj  water  alone 
being  contained  in  n,  after  a  sufficient  continuance  of  the  electrical 
action  p  will  be  found  to  contain  diluted  sulphuric  acid ;  and  the 
potassa  will  be  discovered  in  the  water  of  n.  The  alkali  must  ne- 
cessarily, therefore,  have  passed,  in  an  imperceptible  form,  along 
the  connecting  amianthus  from  the  vessel  p  to  the  vessel  n.  Revers- 
ing the  experiment,  and  filling  n  with  solution  of  sulphate  of  po- 
tassa, the  aJkali  remains  in  this  cone,  and  the  acid  is  transferred  to 
the  opposite  side  p.  In  one  experiment,  in  which  nitrate  of  silver 
was  placed  in  the  positive  cup,  and  pure  water  in  the  negative  one. 
the  whole  of  the  connecting  amianthus  was  covered  with  revived 
silver. 

In  the  farther  prosecution  of  the  inquiry.  Sir  H.  Davy  succeeded 
in  discovering  a  still  more  extraordinary  series  of  facts.  When  an 
intermediate  vessel  (i,  fig.  Hi2)  was  placed  between  the  positive  and 
negative  cups  p  and  n,  and  was  connected  with  both  of  them  by 
moistened  amianthus,  it  was  found  that  acids  may  actually  be  made 
to  pass  fi*om  n  to/;,  through  the  in  term  t*d  late  solution  inf,witliout 
combining  with  it.  Thus,  solution  of  sulphate  of  potassa  being  put 
into  the  negative  cup  n,  solution  of  pure  ammonia  into  t,  and  pure 
water  into|j,  in  half  an  hour  sulphuric  acid  was  found  in  the  water 
of  the  positive  cup,  though  to  have  reached  this  it  must  have  been 
transferred  from  n  through  the  intermediate  solution  of  ammonia* 
Muriatic  acid,  also,  from  muriate  of  soda,  and  nitric  acid  from  ni- 
trate of  potassa,  were  transferred  from  the  negative  to  the  positive 
side  through  an  interposed  solution  of  alkali.  And  contrariwise^ 
alkalies  and  metallic  oxides  were  transmitted  from  the  positive  to 
the  negative  side,  tlirough  intervening  solutions  of  acids. 

It  is  necessary,  however,  that  the  solution,  contained  in  the  in- 
termediate vessel  I,  should  not  !)e  capable  of  forming  an  insoluble 
compound  with  the  substance  intended  to  be  transmitted  through 
it.  Thus  sulphuric  acid,  in  its  passage  from  sulphate  of  potassa 
in  the  negative  cup  through  the  vessel  i  containing  a  solution  of 
pure  liaryta,  is  detained  by  the  baryta,  and  falls  down  in  \he  state 
of  an  insoluble  compound  with  that  earth. 

Bodies,  the  composition  of  which  is  considerably  more  compli- 
cated, aii;  also  deconi|)osed  by  galvanic  electricity.  Thus  from  cer- 
tain minerals,  containing  acid  and  alkaline  matter  in  only  very  mi- 
nute proportion,  these  ingredients  are  separately  developed.  Basalt, 
lor  example,  (a  kind  of  stone  which,  in  100  grains,  contains  only  31 
j^rains  of  soda  and  half  a  grain  of  muriatic  acid),  gave,  at  the  end 
of  ten  hours,  evident  traces  of  alkali  round  the  negative,  and  of 
acid  round  the  positive  wire.  A  slip  of  glass,  also,  negatively  elec- 
trilied  in  on(^  of  the  gold  cones,  had  soda  cU'tached  from  it,  and  sus- 
tained a  loss  of  weight. 

It  may  now  be  understood  why,  by  the  ajMMicy  of  galvanism  on 
water,  alkali  appears  at  the  ncgali\e  ajid  m  id  at  the  positive  wire. 

The  fact  was,   for  some  time,  not  a  little  perplexing  to  Sir  H. 
Davy ;  till,  at  length,  he  ascertained  that  all  water,  however  cmrt- 
VoL.  I.  Y 
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Inllf  ^idlled,  contains  neutral  salts  in  a  state  of  sotution.  From 
these. impurities,  the  alkaline  and  acid  ele^nents  are  separated,  agree- 
ahlT  to  a  law  which  has  already  been  explained.  In  the  same  wayt 
and  by  the  decomposition^  also,  of  the  glass  vessel  which  Darj 
found  tib  be  corroded  at  its  point  of  contact  with  the  platinum  wire^ 
the  muriatic  acid  and  alkali  are  accounted  for,  which  some  chemists 
haTe  obtained  by  galvanizing  what  was  before  considered  aa  pure 
water ;  a  fact  which  has  been  urged  in  proof  of  the  synthetical  pro- 
Auction  of  both  those  bodies.  Absolutely  pure  water,  it  has  been 
^demonstrated  by  the  same  great  philosopher,  yields  nothing  but  hy- 
drogen and  oxygen  gases. 

All  the  effects  of  galvanic  arrangements,  in  producing  chemical 
decompositions,  it  has  been  found,  may  be  obtained  by  ordinary 
electricity.  Its  adaptation  to  this  purpose  was  first  successfully  at- 
tempted by  Dr.  Wollaston.*  The  apparatus,  which  he  employedy 
was  similar  to  that  already  represented  (fig.  77,  a),  exceptmg  that 
the  wires,  instead  of  being  exposed  to  the  fluid  contained  in  the 
tube,  throughout  their  whole' length,  were  covered  with  waZf  and 
the  points  only  were  laid  bare.  Or- (which  was  found  to  answer 
atill  better)  the  wires  were  enclosed  in  capillary  glass  tubes,  which 
were  sealed  at  their  extremities,  and  then  ground  away,  till  the  points 
alone  were  exposed.  The  conducting  wires,  thus  arrangedt  were 
then  introduced  into  a  tube,  or  other  vessel  containing  the  tiquid 
to  be  operated  on,  and  were  connected,  the  one  with  the  positive^ 
the  other  with  the  negative,  conductor  of  an  electrical  machine, 
disposed  for  posilivc  and  negative  electricity,  f  When  solution  of 
sulphate  of  copper  was  thus  electrized,  the  metal  was  revived  round 
the  negative  pole.  On  reversing  the  apparatus,  the  copper  was  rc- 
dissolved,  and  appeared  again  at  the  other  wire,  now  rendered 
negative. 

When  gold  wires,  from  y^^  to  j^^j^  of  an  inch  in  diameter,  thus 
enclosed,  were  made  to  transmit  a  stream  of  electricitv,  a  succes- 
sion  of  sparks  afforded  a  current  of  gas  from  water.  When  a  solu- 
tion of  gold  in  nitro-muriatic  acid  was  passed  through  a  capillary 
tube ;  the  tube  then  heated  to  drive  off  the  acid ;  and  afterwards 
melted  and*  drawn  out, — it  was  found  that  the  mere  current  of  elec- 
tricity, without  sparks,  evolved  gas  from  water.  The  analogy,  how- 
ever, between  the  effects  of  ordinarv  and  galvanic  electricity  is  not 
quite  perfect,  inasmuch  as,  by  the  former,  both  hydrogen  and  oxy- 
gen gases  are  evolved  from  each  wire,  instead  of  being  formed  se- 
parately, as  by  the  voltaic  apparatus. 

Sir  II.  Davy  has  since  proved,  that  by  a  similar  apparatus,  solu- 
tion of  sulphate  of  potassa  is  decomposed,  potassa  appearing  at  the 
negative,  and  sulphuric  acid  at  the  positive  pole.J 

•  Fhilowvphical  Tmnsactions  IHOl. 

f  Sec  CutlihcrtKon's  Practical  KIcctricity. 

4  Philoiioplucal  TnuiMCtions,  1806. 
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A  bet  of  conuderable  imporUnce,  in  explaining  the  pbanmena 
Uwt  form  tbe  Bubject  of  the  last  sectioD,  wu  discormd  KTcnl 
jcan  Rgo  by  Mr.  Bennett,  and  has  since  been  confirmed  by  the  C9b« 
perimentiMVolta  and  Davy.  DiSerent  bodies,  it  i>  found,  acquire^ 
vhen  brought  into  contact,  either  by  their  whole  sttrfWcei  or  by  « 
ungle  p<Hnt,  dUferent  sutca  of  electricity.  The  beat  method  of  pei^ 
forming  tbe  experiment  iilo  take  two  disca  or  plate*,  the  one  of 
copper,  the  other  of  unCjexch  about  four  inches  diameter,  and  foi^ 
aished  with  an  insulating  kIub  handle;  to  apply  them  for  an  instut 
tp  each  other  by  their  flat  faces;  and  afterwu-ds  to  bring  them  ae- 
parately  into  contact  with  the  insulated  plate  of  the  condeauag 
electrometer.  The  instrument  indicates,  Dy  tht  dirergence  of  its 
gold  leaTCB,  the  kind  of  electricity  acquired  by  each  of  the  plates, 
which  in  the  sine  plate  is  shown  to  be  positive,  and  in  the  copper 
plate  negative.* 

It  had  been  eatabliahed,  ulsu,  by  Sir  H.  Davy,  In  1801,  that  when 
a  galvanic  arr«ii){enient  of  tht  second  kind  i»  constructed,  by  alte^ 
naling  metallic  plates  nith  strata  of  difierent  fluids,  alkaline  solo- 
tions  always  receive  eluctricity  from  the  metal,  and  acids,  on  the 
contrary,  transmit  it  lo  the  metal.  When  an  arrangpement,  for  oh 
ample,  is  made  of  water,  tin,  and  solution  of  potassa,  the  cnrreat 
of  electricity  is  from  the  tin  to  the  allcali.  But,  in  an  arrangement 
of  nitric  acid,  tin,  and  water,  the  circulation  of  electricity  is  from 
the  acid  to  the  Un.  If,  then,  the  alkali,  after  having  acquired  elec- 
tricity from  the  metal,  could  be  suddenly  separated  from  tte  com- 
bination, there  can  be  no  doubt  that  it  would  be  found  in  a  posi- 
tive state.  For  the  contrary  reason,  the  acid,  having  given  electro 
city  to  the  metal,  must,  if  it  could  be  detached,  be  found  negative. 

Still  more  satisfactory  evidence  has  been  since  obtained  of  tbe 
electrical  state  of  the  acids  and  alkalies,  by  eaamining  what  kind 
,^of  electricity  they  impart  to  an  insulated  metallic  plate.  Various 
!%lry  acids,  being  totiched  on  an  extensive  surface  by  a  plate  of  cop- 
per insulated  by  a  glass  handle,  the  copperwasfound,uter  contact, 
lo  have  become  positively  electrified,  and  the  acid  negatively.  Ob 
the  contrary,  making  the  experiments  with  dry  earths  in  a  similar 
msnner,  the  metal  became  negative.  The  alkalies  gave  less  distinct 
results,  owing  to  their  attraction  for  moisture.  Bodies,  moreover, 
possessing  opposite  electrical  energies  towards  one  and  the  same 
body,  are  found  lo  possess  ihem  with  regard  to  each  other.  Thus, 
when  lime  and  oxalic  acid  were  brought  mto  contact,  the  earth  was 
found  to  be  positive,  and  the  acid  negative.  Sulphur  appears  to  be 
in  the  positive  state.    Oxygen,  judg^g  from  those  compounds  in 

■  Volla.  in  Kidiolson*s  JootmI,  Svo.  1. 136.  WlkiDaoD,  S.  44  M^  131<  Mfc 
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which  it  it  loosely  combined,  hi  negative ;  and  hTdrogen,  hj  the 
tame  tatli  positiye. 

Now,  if  the  common  laws  of  electrical  attraction  and  repnlsiiNi 
operate,  as  there  is  every  reason  to  b^lieye  they  must,  among  bodies 
•o  constituted,  it  will  follow  that  hydrogen,  the  alkalies,  metals,  and 
c^des,  being  positively  electrified,  will  be  repelled  by  surfaces  which 
are  in  the  same  state  of  electricity  as  themselves,  and  will  lie  at- 
tracted by  surfaces  that  are  negatively  electrified.  And,  contrarir 
wise,  oxygen,  and  the  acids  (in  consequence  of  the  oxy^ea  they 
contain,)  being  in  a  negative  state,  will  be  attracted  by  positive  sar- 
laces,  and  repelled  by  negative  ones. 

To  apply  Uiis  theory  to  the  simplest  ])ossible  case^  the  decompo* 
altion  of  water,  the  hydrogen  of  this  compound,  being  itself  posi- 
tively electrified,  is  repelled  by  the  posidve  wire,  and  attracted  by 
the  negative  one ;  while,  on  the  contrary,  oxygen,  being  negativei 
is  repelled  bv  the  negative  wire,  and  attracted  by  the  positive  one. 
The  flame  of  a  candle,  which  consists  chiefly  or  ignited  charcoal, 
when  placed  between  a  positive  and  negative  surface,  bends  towards 
the  latter;  but  the  flame  of  phosphorus,  consisting  chiefly  of  acid 
matter,  when  similarly  placed,  takes  a  direction  towards  the  posi- 
tive surface.  In  the  case  of  neutral  salts,  the  negative  acid  is  at- 
tracted by  the  positiTc  wire;  and  the  positively  etectrified  alkali  by 
the  negative  wire. 

Thus  then  a  power  has  been  discovered,  superior  in  its  energy 
to  chemical  afiinity,  and  capable  cither  of  counteracting  it,  or  of  mo- 
difying it,  according  lo  circumstances.  The  chemical  attraction 
between  two  bodies  may  be  destroyed  by  giving  one  of  them  an 
electrical  state  opposite  to  its  natural  one;  or  the  tendency  to  union 
may  be  increased  by  exalting  the  natural  electrical  energies. 

All  bodies,  indeed,  that  combine  chemically,  so  far  as  they  have 
hitherto  been  examined,  have  been  found  to  possess  opposite  states 
of  electricity.  Thus  copper  and  zinc  arc  in  opposite  states  to  each 
other;  so  are  gold  and  mercury;  sulphur  and  metals;  acids  and  al- 
kalies. By  bringing  two  bodies  into  the  same  electrical  state,  which 
were  before  capable  of  union,  we  destroy  their  tendency  to  combi- 
nation. Thus  zinc,  or  iron,  when  negatively  electrified,  will  not 
unite  with  oxygen.  Even  after  combination,  it  is  thought  by  Sir 
H,  Davy  not  improbable  that  bodies  may  still  retain  their  peculiar 
states  of  electricity.  If  oxygen  prevail,  in  any  compound,  over  the 
combustible  or  positive  base,  the  compound  is  negative,  as  in  cer- 
tain metallic  oxides.  Hut  the  combustible  ingredient  may  be  In 
such  proportion  as  to  predominate,  and  to  give  to  the  compound  a 
positive  energy.  When  precise  neutralization  is  attained,  bodies 
that  had  before  exhibited  electrical  effects  arc  deprived  of  this  pro- 
perty. 

It  18  an  interesting  question,  but  one  which  can  scarcely  1h5  de- 
termined in  the  present  state  of  the  science,  whether  the  powers  of 
electrical  attraction  and  repulsion,  exerted  between  the  ultimate 
particles  or  atoms  of  different  bodies,  be  identical,  as  Sir  H.  Davy 
has  suggested,  with  chemical  affmity ;  or  whether  it  may  not  rather 
be  considered,  like  caloric,  as  a  distinct  force,  which  only  modifies 
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that  of  chemical  attraction.  On  tift  former  hypothesis,  two  hodieiy 
which  are  naturally  in  ofqiosite  electrical  states,  may  hare  these 
states  sufficiently  exalted  to  give  them  an  attractive  force  su|>erior 
to  the  cohesive  affinity  opposed  to  their  union ;  and  a  combination 
mav  take  place,  which  will  be  more  or  less  energetic,  as  tlie  <^poa- 
ed  forces  are  more  or  less  equally  balanced.  Again,  when  two  bo- 
dies, repellent  of  each  other,  act  upon  a  third  with  different  de- 
grees Of  the  same  electrical  energy,  the  combination  will  bo,  deter- 
mined by  the  degree.  Or,  if  bodies,  having  different  degrees  of 
the  same  electrical  energy  with  respect  to  a  third,  have  likewise 
different  energies  with  respect  to  each  other,  there  may  be  such  a 
balance  of  atihicting  and  repelling  forces  as  to  produce  a  triple 
compound. 

This  hypothesis,  it  is  remarked  by  Sir  H.  Davy,  agrees  extreme- 
ly well  witn  the  influence  of  mois,  which  has  been  so  well  illustrat- 
ed by  Berthollet ;  for  many  particles,  acting  feebly,  may  be  equal 
in  effect  to  fewer  acting  more  powerfully.  Nor  is  it  at  all  contra- 
dictory to  the  observed  influence  of  caloric  over  chemical  union ; 
for  an  increase  of  temperature,  while  it  gives  greater  freedom  of 
motion  to  the  particles  of  bodies,  exalts  all  their  electrical  energies. 
This  Sir  H.  Davy  ascertained  with  respect  to  an  insulated  plate  of 
copper  and  another  of  sulphur,  when  heated  below  212^  Fahr.;  and, 
at  a  still  hig^her  temperature,  these  bodies,  as  is  well  known,  com- 
bine, with  the  extrication  of  heat  and  light,  the  usual  accompani- 
ments of  intense  chemical  action. 

It  cannot,  however,  be  admitted,  that  this  ingenious  theory  has 
yet  been  demonstrated.  On  the  contrary,  it  rests  on  the  supposi- 
tion of  opposite  electrical  states  of  the  atoms  of  bodies,  excited 
by  contact,  and  permanent  even  after  combination,  which  cannot 
be  proved  to  exist  Of  the  existence  of  attractive  forces  between 
the  atoms  of  different  bodies,  we  have  better  evidence,  an4'We  may. 
still  consider  chemical  aflinity,  exerted  between  atoms  of  different 
kinds,  as  the  cause  of  chemical  combination. 

On  the  supposition  that  electricity  is  a  force  which  only  modi- 
fies the  action  of  chemical  aflinity,  we  may  regard  it,  when  it  pro- 
A  motes  combination,  as  producing  this  effect  by  counteracting  cohe- 
sive attraction.  When  it  impedes  combinations,  or  destroys  those 
which  are  already  formed,  it  probably  acts  as  a  force  coH)perating 
with  elasticity.  * 


SECTION  V. 

TTieory  of  the  Action  of  the  Oalvanie  Pile. 

Two  theories  have  been  framed  to  account  for  the  phenomena 
of  the  Galvanic  Pile,  and  of  all  similar  arrangements.  The  first, 
originating  with  Volta,  was  suggested  by  the  fact,  which  may  be 
considered,  indeed,  as  fundamental  to  it — that  electricity  is  exdted 
by  the  mere  contact  of  different  metals.    When  a  plato  of  copper 
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mi  another  of  zinc  are  made  tm  touch  br  their  flat  iMfacei»% 
was  8tati4  in  the  last  section,  the  ainci^iiter  separatioiiy  cxMbita 
positive  electricity,  and  the  copper  negifiTe.  It  is  natnnly  there* 
fore,  tb  conclude,  that  a  certain  quantity  of  electricity  has  novad 
from  the  copper  to  the  zinc  On  trying  other  metals,  Volta  fovad 
th|t  Similar  phenomena  take  place ;  and,  by  a  series  of  expert 
ments,  he  was  led  to  arrange  their  powers  in  the  following  onlsv 
it  being  understood  that  the  first  gives  up  its  electricity  to  the  ai^ 
cond;  the  second  to  the  third;  the  third  to  the  fourth}  and  ao eSi 

Silver. 

Copper. 

Iron.  ^ 

Tin. 

Lea<i. 

Zinc 
The  metals,  then,  have  been  denominated  by  Volta.  from  this 
propertv,  molon  of  electricity;   and  the  process,  which  takes 

glace,  dedtihfnotum,  a  term  since  sanctionect  by  the  ad<9tiott  of  It 
y  Sir  H.  Davy. 

It  is  on  this  transference  of  electricity  from  one  body  to  aaother 
by  simple  contact,  that  Volta  explains  the  action  of  the  instrwnciit 
discovered  by  himself,  and  of  all  similar  arrangementa.  The  i»- 
terposed  fluids,  on  his  hypothesis,  have  no  effect  as  chemical  ageats 
fai  producing  the  phenomena,  and  act  entirely  as  conductors  of 
electricity.  Without  disputing,  however,  the  accuracy  of  the  iacts 
which  suggested  his  theory,  it  is  sufficient  for  its  refutation  that  it 
is  irreconcilable  with  other  phenomena,  and  especially  with  the 
obsen'ation  that  the  chemical  agency  of  the  liquids,  on  the  more 
oxidizal)le  metal  of  galvanic  arrangements,  is  essential  to  their 
sustained  activity.  It  has  been  proved,  indeed,  that  the  phenome- 
na begin  and  terminate  with  the  oxidation,  and  that  the  energy  of 
the  pile  bears  a  pretty  accurate  proportion  to  the  rapidity  of  the 
process.  Hence  it  seems,  on  first  view,  an  obvious  inference,  that 
the  oxidation  of  the  metal  is  the  primary  cause  of  the  evolution  of 
electricity  in  galvanic  arrangements.  It  has  been  proved,  however, 
that  it  is  not  necessary  to  the  excitement  of  common  electricity, 
that  the  amalgam  should  be  oxidated ;  for  the  machine  continues 
to  act  when  enclosed  in  hydrogen  gas  or  carbonic  acid.  The  elecr 
trie  column  of  M.  de  Luc  is  composed  of  dry  substances;  but,  even 
in  this  instrument,  the  oxidation  of  the  metals  appears  to  be  es- 
sential to  its  activity,  for  when  the  column  is  hermetically  confined 
in  a  given  portion  of  air,  the  phenomena  cease  in  time,  in  conse- 
quence of  the  loss  of  its  oxygen. 

But,  though  the  chemical  agency  of  the  fluids  which  arc  em- 
ployed is  now  admitted,  on  all  hands,  to  be  essential  to  the  excite- 
ment of  galvanic  electricity,  yet  it  is  by  no  means  universally  agreed 
that  wc  arc  to  consider  that  agency  as  the  first  in  the  order  of  phe- 
nomena. It  has  been  suggested  by  Sir  H.  Davy,  as  a  correction  of 
the  theory  of  Volta,  that  the  electro-motion,  occasioned  by  the  con- 
tact of  metals,  is  the  primary  cause  of  the  chemical  changes ;  and 
that  these  changes  arc  in  no  other  way  efficient  than  aa  they  restore 


dM  dcctrte  eqvUlbriam.  ifb  OLjIUa  tiits,  letju  snpyoiC'tharlL 
mBj  thnejMin  of  pl&ta  <|f  «  gslTanic  troaght  the  due  p)^s,  2  1, 
2  S,  z  Si  (ng.  rS)  are  in  the  itate  o(  poailive,  and  the  copper  plates, 
e  1,  e  fi,c  S,  in  that  of  negatire  electricity.  The  liquid,  in  any  cell 
after  the  first,  will  be  in  contact,  on  the  one  aide,  with  positiTdy  ■ 
electrified  sine,  and  on  the  other  with  neg:ativety  electrified  coppMr* 
And,  if  the  elements  composing  the  fluid  be  themKlves  in  dtflerent 
states  of  electricity,  the  negatively  electrified  element  wilUhc  at- 
tncted  by  the  zinc,  and  the  positiTcly  electrified  element  by  the 
copper.  Thnt,  when  solution  of  muriate  of  aoda  in  water  is  the 
fluid,  the  oxygen  and  the  acid  will  paas  to  the  sine,  or  positive 
plate,  and  thjalVali  to  the  copper  one  ;  while  the  hydrogen,  hav- 
ing no  affinity  for  copper,  escapes.  The  electric  equilibrium  will 
be  restored,  but  only  for  a  moment;  for,  as  the  interposed  fluid  is 
Init  a  very  imperfect  conductor  of  electricity,  the  zinc  and  copper 
plates  will,  by  their  electromotive  power,  again  assume  their  states 
of  opposite  electricity ;  and  these  changes  will  go  on  as  long  as 
WKj  muriate  of  soda  remains  undecomposed.  In  a  Voltaic  arrange- 
ment, therefore,  the  electrical  energies  of  the  metals  with  respect 
to  each  other,  or  to  the  substances  dissolved  in  water,  are  the 
canses  disturbing  the  eciuilibrium ;  and  the  chemical  changes  are 
the  causes  that  restore  it. 

No  theory  of  the  galvanic  pile,  however,  can  be  considered  is 
complete,  that  does  not  account  for  the  accumulation  of  electricity 
at  the  zinc  end  of  the  apparatus.  On  the  theory  that  the  oxidation 
of  the  zinc  ia  the  source  of  the  evolved  electricity,  the  fact  haa 
been  ingeniously  explained  by  Dr.  Bostock.  He  takes  it  for  gnnt- 
ed  that  the  electric  fluid  has  an  aflinity  for  hydrogen,  and  supposes 
that  the  etectricityi  evolved  at  the  surface  of  the  first  zinc  plate^ 
is  carried,  united  to  hydrogen,  throuf'-h  the  fluid  of  the  cel]^  to  the 
opposite  copper  plate.  Here  the  hydrogen  and  clcctricitj  sepaM^ 
rate;  the  former  flies  off  in  the  state  of  gas,  and  the  latter  passes 
onwards  to  the  next  zinc  plate.  Being  in  some  degree  accumulate 
ed  in  this  plate,  it  is  disengaged  by  the  action  of  the  fluid  in  a 
more  concentrated  stale  than  before.  And  in  the  same  manner,  by 
naltiplying  the  number  of  pairs,  it  may  be  made  to  exist,  in  the 
sine  end  of  the  pile,  in  any  assignable  degree  of  intensity. 

On  this  theory,  the  electricity  evolved  is  actually  gmeraled  by 
the  chemical  action  of  the  interposed  fluids  on  every  zinc  plate  of 
the  series;  and  its  accumulaiioii  is  the  aggregate  of  what  is  thus 
evolved.  The  concentration,  which  takes  place  at  the  zinc  end  of 
the  arrangement,  admits,  however,  of  being  explained  by  the  hy- 
pothesis of  Volta,  especially  as  modified  by  Sir  H.  Davy.  Taking 
the  first  cell  as  an  example,  the  fluid  interposed  between  the  posi- 
tive zinc  plate,  x  1,  fig.  7B,  and  negative  copper  plate,  c  3,  being 
itself  «  conductor  of  electricity,  must  in  time  produce  an  equili- 
branra  between  these  two  plates ;  but  this  can  only  be  done  by  the 
passage  of  a  certain  quantity  of  electricity  across  the  fluid*  The 
abaolste  quantity  of  electricity  will,  therefore,  be  diminished  ia 
the  first  pair,  and  increased  in  the  second.  In  like  manner,  the  sC- 
c«ad  xinc  pUle  will  give  up  part  of  its  electricity  to  tbe^hird  eop- 


jier  pUK|  tnd  the  lecond  pair  qf  platm  wiD  be  deprived  oTperiW 
US  cSBcMlcity.  The  electricitj,  thus  Ml  br  ^be  fecooNl  pair,  it  vOI 
regun  mm  the  first  pair  of  plates.  B]r*imiltipl]^gi  la  this  wa|^ 
the  number  of  plates,  every  successive  pair,  as  we  advaiice  in  the 
aeries,  has  a  tendency  to  diminish  the  quantity  of  electricity  ia 
the  first,  and  to  have  its  own  state  of  electricity  proportionally  c» 
alted.  ^  • 

W^^  a  communication  is  made  between  two  extremities  of  a 
aeries,  for  example  between  js*  or  its  contiguous  cell,  and  e*^  the 
opposite  electricities  tend  to  an  equilibrium.  The  third  ismkt  ^vcs 
up  a  share  of  its  electricity  to  the  first;  and  the  intermediate  paliv 
being  placed  between  equal  forces,  remains  in  equi||biio»  Henoe^ 
in  everv  galvanic  arrangement,  there  is  a  pair  of  plates  at  the  cen- 
tre, which  is  in  its  natural  state  of  electricitr.  The  e&ct  of  anch 
a  communication  must  necessarily  be  to  reduce  the  pile  to  m  state 
of  inactivity,  if  there  did  not  still  exist  some  cause  auffident  to  de* 
stroy  the  equilibrium.  On  the  hypothesis  of  Volta,'  this  can  be 
nothing  else  than  the  property  of  electro-motion  in  tte  fn^nl«| 
which  originally  produced  its  disturbance. 

Such  are  the  hypotheses  that  have  been  framed  to  g!itpmii  the 
phenomena  of  the  Voltaic  pile.  In  the  present  state  cf  the  aciencey 
neither  of  them  is  entitled  to  be  received  as  altogether  Mtisfactory ; 
ipd  I  have  stated  them  rather  with  the  view  of  ccKciting  than  of 
satisfying  inquiry.*  On  the  theory  of  galvanic  electricity,  it  only 
remains  to  point  out  its  difference  from  the  electricity  dcTdoped 
by  ordinary  processes;  and  to  explain  the  different  effects  which 
are  produced  by  varying  the  size  of  the  plates  in  galvanic  arrange- 
ments. 

Thouj^h  Ihc  identity  of  common  and  galvanic  electricity  appears 
to  be  sufficiently  esta!)lishcd,  yet  in  some  of  their  phenomena,  which 
Jiave  already  been  described,  there  is  a  considerable  difference.  To 
explain  these,  it  was  long  ago  suggested  by  Mr.  Nicholson,!  that 
the  electricity  excited  by  the  common  machine  is  developed  in 
much  smaller  (|uantity,  but  in  a  higher  state  of  concentration  or 
intensity  than  the  electricity  of  galvanism.  Hence  its  velocity  is 
much  more  rapid;  and  hence  it  readily  passes  through  plates  of 
air  and  other  non-conductors,  that  are  scarcely  permeable  by  gal- 
vanic electricity.  JJy  virtue  of  the  same  property,  it  disiK^rses  the 
metals  in  the  form  of  smoke;  while  the  utmost  effect  of  a  Voltaic 
arrangement  is  to  melt  them  into  globules.  \\y  doubling  the  qitan- 
lity  of  galvanic  electricity,  also,  we  ignite  only  a  double  length  of 
metallic  wirt»,  and  the  ignition  is  more  permanent;  but  the  inten- 
sity of  common  electricity  is  such,  that,  by  doubling  its  quantity, 


•  The  reader,  who  wishes  to  pursue  the  subject,  may  conault  an  enay  by  the  • 
author,  in  Nicliolson^s  Journal,  \xxv.  'J59  ;  M.  l)e  Luc*s  papers,  xxxii.  271. aa^ 
x.\\\i.  97  ;  Mr.  Singer  c»ii  the  KIcrtrical  Column,  xxxvi.  373  ;  and  his  m'Ofk  oo 
(ialvanic  F.kctricity  ;  Dr.  ll(»strH-k*!>  KNSiy  in  ThoiiLson's  Annals,  iii.  C>2  ;  Sir  H. 
Davy's  cllaptcr  on  KIcctrical  Attniclion  and  Repulsion,  in  his  FJements  of ' 
I'htfoa.  p.  125 ;  ami  the  1st  vol.  ot'  Guy  Lu&iac  aiid  Thcnanl'a 

t  S«c  his  Journal,  4tu.  iv.  2^i. 
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we  ignite  four  times  the  length  of  wire,  and  the  effect  is  little  more 
than  momentary.  (Cuthbertson,  p.  278.) 

The  comparative  quantities  of  electricity  evolved  by  the  com- 
mon machine  and  by  a  Voltaic  apparatus,  have  been  made  a  sub- 
ject of  calculation  by  Mr.  Nicholson.  A  pile,  consisting  of  100 
half  crowns,  with  the  same  number  of  pieces  of  zinc,  produced, 
he  found,  200  times  more  electricity  than  could  bg  obtained,  in  an 
equal  time,  from  a  24  inch  plate  machine  in  constant  action.  Van 
Marum  has  also  observed,  that  a  single  contact  of  a  Leyden  jar  or 
battery  with  a  Voltaic  pile  charges  it  to  the  same  degree  as  six 
contacts  with  the  prime  conductor  of  a  powerful  machine. 

It  might  naturally  be  expected  that  a  proportion  would  be  ob- 
served between  the  quantity  of  surface  composing  galvanic  ai^ 
rangements,  and  their  power  of  action ;  and  such,  with  some  limit- 
ation, is  the  fact.  With  plates  of  the  same  size,  the  effect,  gene- 
rally speaking,  is  proportioned  to  the  number.  But,  by  enlarging 
the  size,  without  increasing  the  number,  neither  the  shock  nor  the 
power  of  decomposing  water  and  other  imperfect  conductors,  is 
proportionally  increased.  A  remarkable  proof  of  this  is,  that  Mr. 
Children's  great  battery  of  20  double  plates,  4  feet  by  2,  had  no 
more  effect  on  the  human  body,  or  in  decomposing  water,  than  a 
battery  containing  the  same  number  of  small  plates.  On  the  con- 
trary, to  obtain  a  great  increase  of  effect  in  the  combustion  of  me- 
tals, it  is  necessary  to  enlarge  considerably  the  size  of  the  plates* 
Thus  100  plates  of  four  inches  square  produce,  in  this  way,  an  in- 
comparably greater  effect  than  the  same  surface  divided  into  four 
times  the  number. 

The  effect  of  multiplying  the  number  of  plates,  it  has  already 
been  observed,  is,  that  we  obtain  electricity  of  a  higher  intenaity, 
and  it  was  supposed  by  Volta*  that  the  proportion  is,  as  nearly  as 
can  be  judged,  an  arithmetical  one.  It,  for  example,  we  have  a 
certain  mtensity  with  20  pairs,  it  should  be  doubled  by  40,  trebled 
by  60,  and  so  on.  It  has  been  shown,  however,  by  Sir  H.  Davy,t 
that  by  increasing  the  number  of  plates,  the  quantities  of  gas, 
evolved  from  water,  were  nearly  as  the  squares  of  the  numbers. 
By  a  sufficient  increase,  the  most  astonishing  effects  may  be  pro- 
duced. Thus  the  combination  belonging  to  the  Royal  Institution, 
which  contains  2000  double  plates,  each  having  a  surface  of  32 
square  inches,  when  in  action,  melts  platinum  as  easily  as  wax  is 
melted  by  a  candle,  and  fuses  quartz,  the  sapphire,  lime,  and  mag- 
nesia. By  enlarging  the  size,  without  increasing  the  number,  it 
has  also  l>een  shown  that  we  gain,  not  in  intensity,  which  remains 
exactly  the  same,  but  in  quantity.  Now,  for  the  combustion  of 
metals,  what  we  principally  want  is  a  large  quantity  of  electricity ; 
for,  as  they  are  perfect  conductors,  it  finds  a  ready  passage  through 
them,  even  when  of  low  intensity.  On  the  contrary,  to  find  its  way 
through  fluids  and  other  imperfect  conductors,  it  must  be  evolved 
in  a  high  state  of  concentration.    The  facts,  therefore,  accord  suf- 

•  Nicholson'K  Journal,  8vo.  i.  1 VJ.        ]  Elements  of  Chcm.  Philos.  p.  155. 
Vol.  1.  / 
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ficientlf  wen  irtth  the  explanation,  to  entitk*it  to  be  received  at  a 
probabk  hypothesis. 
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1.  < 

C^  EkOnhMagMtie  Phenomena. 

All  the  effects  of  galvanic  aVrangements,  that  have  hitherto 
described,  are  produced  in  bodies  when  interposed  b^weeu  thecs* 
tremities  of  conductors  proceeding  from  the  positive  and  nentife 
poles ;  In  other  words,  so  placed  that  the  gatvibuc  current  Is  im- 
nerfecihf  continued  through  the  body  intended  to  be  acted  npoa. 
It  was  not  known  that  the  electric  current,  passing  mmntinwfttMf 
throueh  a  wire  connecting  the  two  ends  of  a  galTanic  batteryt  m 
capable  of  being  manifest^  by  any  effect,  till  Professor  Oer^tedt 
of  Cooenhagen,  in  the  winter  of  1819,  cUscoTered  an  uneqiuiFOcal 
test  01  its  passage  in  its  effect  on  the  maj^etic  needle.  Tlie  <9po- 
site  poles  of  a  battery  of  sufficient  magnitude,  in  full  actioBt  were 
joined  by  a  metallic  wire,  which,  for  shortness,  he  cidla  the  smiI-  ■ 
mg  otmduetor^  or  uniiing  wire*  This  wire  was  dther  placed  hori- 
ApliUdly,(see  pL  iv.  fig.  37,)  or  bent  in  any  other  direction  required 
lijr  the  nature  of  the  experiment  When  the  wire  was  placed  hori* 
xoBtally  ovefj  and  parallel  to  a  magnetic  needle  properly  suspended, 
and  at  a  distance  not  exceeding  three  quarters  of  an  inch,  the  needle 
was  moved,  and  the  end  of  it  next  to  the  negative  pole  of  the  bat- 
tery turned  westwards.  The  circumstances  of  the  experiment  re- 
nuuning  in  every  respect  the  same,  except  that  the  uniting  wire 
was  placed  under  the  needle  instead  of  over  it,  the  declination  of 
the  needle  was  in  an  opposite  direction ;  for  the  pole  next  the  ne* 
gative  end  of  the  battery  now  turned  eastwards.  Again,  when  the 
connecting  wire  and  needle  were  situated  in  the  same  horizontal 
plane,  no  declination  took  place,  either  to  the  east  or  west,  but  an 
tnciinatioTij  or  vertical  dip  of  the  needle,  was  observed.  When  the 
uniting  wire  was  west  of  the  needle,  the  pole  next  to  the  negative 
end  of  the  battery  was'depressed ;  when  the  wire  was  to  the  east, 
the  same  pole  was  elevated. 

When  the  uniting  wire  was  situated  perpendicularly  to  the  plane 
of  the  magnetic  meridian,  the  needle,  whether  above  or  below  the 
wire,  remained  at  rest,  unless  the  pole  were  very  near  the  wire. 
In  that  case,  the  pole  was  elevated^  if  the  negative  electricity  enter- 
cd  from  the  west  side ;  and  depressed^  if  from  the  cast.  M .  Von 
Buch  has  since,  however,  shown  that  this  state  of  rest  docs  not  con- 
tinue in  two  of  the  four  positions  of  the  wire,  provided  a  sufficient 
galvanic  power  be  employed  in  the  experiment  (Ann.  of  PhiL  N.  & 
11. 285.') 

When  the  uniting  wire  was  perpendicularly  opposite  to  the  north 
pole  of  the  suspended  needle,  and  the  upper  extremity  of  the  wire 
connected  with  then^^o/tveend  of  the  battery,  the  pole,  when  brought 
near  the  wire,  moved  towards  the  cast  But  when  the  wire  was  op* 
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posite  to  a  point  between  the  pole  and  the  middle  of  the  needle,  the 
pole  moved  westwards.  When  the  upper  end  of  the  wire  was  made 
to  receive  positive  electricity,  the  phenomena  were  reversed. 

The  amount  of  these  efiects  diminished  with  the  decreasing 
power  of  the  battery,  and  with  the  distance  of  the  needle  from  the 
uniting  wire.  This  wire,  it  was  found,  may  consist  of  almost  any 
metal ;  nor  does  it  lose  its  effect,  though  interrupted  by  a  column 
of  water,  provided  the  column  does  not  extend  to  several  inches  in 
length.  It  is  remarkable,  also,  contrary  to  what  is  observed  in  any 
other  effect  of  electricity  or  galvanism,  that  the  influence  of  the 
uniting  wire  passes  to  the  needle  through  plates  of  glass,  metal,  or 
wood,  the  due  of  an  electrophorus,  or  a  stone-ware  vessel  of  water; 
nor  does  the  sudden  interposition  of  any  of  these  bodies  destroy  or 
sensibly  diminish  the  effect.  On  needles  of  brass,  glass,  or  gum 
lac,  no  effect  whatever  is  produced. 

The  common  electrometer  indicates  the  tension  or  intensity  of 
electricity ;  but,  till  the  discovery  of  M.  Oersted,  we  had  no  instru- 
ment to  show  the  direction  of  its  current.  The  effect  on  the  needle 
depends,  indeed,  entirely  on  the  current.  So  long  as  this  current 
is  mterrupted,  no  effect  is  produced  on  the  needle ;  but  the  moment 
it  is  restored,  the  north  pole  of  the  needle  is  turned  to  the  left  of 
the  observer,  supposing  him  to  have  his  face  directed  towards  that 
pole.  This' may  be  more  briefly  expressed  by  saying,  that  the  north 
pole  is  carried  to  the  left  of  the  current  which  acts  upon  the  needle. 
We  thus  acquire  a  galvanometer^  capable  of  pointing  out  the  direc- 
tion of  the  electric  current  under  all  circumstances. 

By  an  instrument  nicely  constructed  on  this  principle,  M.  Amp^ 
ascertained  that  the  current  in  the  Voltaic  battery  itself,  from  the 
negative  to  the  positive  extremity,  has  the  same  influence  on  the 
needle  as  that  current,  which  in  the  uniting  wire  goes,  on  the  con- 
trary, from  the  positive  to  the  negative  pole.  This  is  best  shown 
by  two  needles,  the  one  placed  upon  the  pile,  the  other  above  or 
under  the  conductor.  In  each,  the  north  pole  of  the  needle  will  be 
seen  turned  to  the  left  of  the  current  near  which  it  is  placed  :  the 
two  needles  are  both  carried  to  the  same  side,  and  are  nelrly  paral- 
lel, when  one  is  above  the  pile,  and  the  other  beneath  the  conductor. 

When  two  rectilinear  portions  of  two  conducting  wires,  joining 
the  extremities  of  two  Voltaic  piles,  are  so  disposed  that  the  one  is 
fixed  and  the  other  suspended  so  as  to  be  moveable,  the  latter  will 
approach  the  former  if  the  currents  be  in  the  same  sense,  and  will 
be  repelled  when  the  currents  are  in  opposite  directions.  In  com- 
mon electrical  attractions  and  repulsions,  electricities  of  the  same 
name  are  mutually  repulsive,  and  opposite  ^ectricities  attract  each 
other.  But  in  the  attractions  and  repulsions  of  electric  currents  it 
is  precisely  the  reverse,  the  repulsion  taking  place  only  when  the 
wires  are  so  situated  that  the  currents  arc  in  opposite  directions. 
The  attractions  and  repulsions  of  these  currents,  unlike  the  mutu- 
al action  of  bodies  electrized  in  the  common  way,  take  place  equally 
in  vacuo  as  in  air. 

The  discovery  of  M.  Oerste^  was  limited  to  the  action  of  the 
electric  current  on  needles  previously  magnetized.  But  it  was  after- 
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irardii  ndaboirt  the  Mune  timet  ascertiiaiBiS,  both  by  irTI.  Davy 
idid  H.  Arago,  thttmignetlim  nafbe  developed  in  stfcl,  not  pre- 
TioUBiy  poasesHng  it,  hjr  bdng  placed  tn  the  electric  currcnl,  and 
mi^  even  be  excited  in  the  uutug  wire  itself.  Boih  tihilusuphet* 
ucertained,  iadcpendently  of  each  other,  that  the  uniting  wir^  ^ 
eoming  a  magnet,  attracts  iron  filinga,  and  collects  siifTlnrnt  to  ac- 
qslre  the  diameter  of  a  common  quUL  The  momcm  tin-  i  onnrxiou 
is  broken,  all  the  filings  drop  off;*  «lld  the  attra<  tlun  ditntniulK^ 

also  with  the  decaying  energy  of  the  pile.  " 

or  wood  shavings,  are  not  attracted  at  i 

■  The  commnoication  of  magnetic  prou ^ 

eSfected  by  Sir  H.  Dary  and  M.  Arago  in  diArest  w«yi.   The  Hw- 


and    1 


;•  «iid  the  attrai  tiun  ditninislK^ 

:pile.  Filings  ol'brd»sur  copper,  J 

i  at  all.            •  I 

:  properties  to  A  su^  itecdfe  «•*  ' 


merobserred  that  steel  needles,  placed  upon  the  conoectinK  vlre^ 
became  magnetic ;  those  parallel  to  the  wire  acted  like  the  -win 
itself;  those  placed  across  it  each  acquired  two  poles.  Sich  M 
were  placed  under  the  wire,  the  positive  end  of  the  battery  bdnjf 
east,  had  north  poles  on  the  south  of  the  wire,  and  south  polra  to  the 
Bortii.  The  needles  tAove  were  in  the  opposite  direction,  and  tUa 
was  constantly  the  case,  whatever  might  be  the  Inclination  of  the  nee- 
dle to  the  wire.  Ob  breaking  the  connexion,  the  steel  needles  jdaced 
aenn  the  uniting  wire  retained  their  magnetism,  while  those  placed 
panOd  to  it  lost  it  at  the  moment  of  disunion.  Contact  with  the 
ititing  wire  waa  not  found  necessary,  for  the  effect  was  produced 
&(mgh  thick  glass  interre&ed.  Increasing  the  dze  of  the  platea  of 
the  Mttery  incrcaaed  the  magnetic  effect  of  the  connecting  wires; 
thus  the  wire,  uniting  the  poles  of  a  battery  of  60  pairs  of  plates, 
did  not  take  up  half  so  much  filings,  as  when  the  oaitcry  was  ar- 
ranged ao  as  to  form  30  pairs  of  twice  the  size. 

Similar  effects  were  produced  in  Sir  H.  Davy's  experiments  by 
the  electricity  excited  by  a  common  machine.  A  battery  of  17 
square  feet,  discharged  through  a  silver  wire  l-20th  of  an  inch  di- 
ameter, rendered  bars  of  steel,  two  inches  Ion;*  and  from  1-lOth  to 
l-20th  thick,  so  magnetic  as  to  lift  up  pieces  of  steel  wir«  and 
needles ;  and  the  effect  was  communicated  to  needles  at  the  distance 
of  five  inches  from  the  wire,  even  with  the  intervention  of  water  or 
of  thick  plates  of  glass  or  metal.  Various  other  important  facts 
respecting  the  communication  of  magnetism  are  described  in  the 
paper  of  the  same  author,  published  in  the  Philosophical  Trans- 
actions for  1B21,  all  lending  to  establish  the  conclusion  that  mag- 
netism is  produced  whenever  concentrated  electricity  is  passed 
through  space. 

On  the  suggestion  of  M,  Ampere,  M.  Arago  communicated 
magnetism  to  the  needle  in  a  different  manner.  A  copper  wire,  by 
being  rolled  round  a  solid  rod,  was  twisted  into  a  spiral,  so  as  to 
form  a  helix.  It  was  easy,  by  passing  the  wire  round  the  rod,  it 
one  direction  or  the  other,  to  form  a  dextronal  helix,  proceeduig 
from  the  right  hand  towards  the  left,  as  in  the  tendrils  of  many 
plants;  or  a  mnttrortiil,  or  left  helix,  proceeding  downwards  from 

I  ill  nugTMtJMn  (iir  s 
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the  left  hand  to  the  right  above  the  axis.  Into  the  cavity  of  a  spi' 
ral  thus  formed,  connecting  the  two  poles  of  a  battery,  a  steel  needle 
wrapped  in  paper  was  introduced ;  and,  in  order  to  exclude  all  in- 
fluence of  the  magnetism  of  the  earth,  the  conchoid ai  part  of  the 
wire  was  kept  constantly  perpendicular  to  the  magnetic  meridian. 
Ib  •  few  minutes  the  needle  had  acquired  a  sufficiently  strong  dose  of 
magnetism ;  and  the  position  of  the  north  and  south  poles  exactly 
agreed  with  M.  Ampere's  notion,  that  the  electric  current  traverses 
the  connecting  wire  in  a  direction  from  the  zinc  extremity  of  the 
pile  to  .the  copper  extremity. 

In  another  experiment,  using  one  copper  wire,  two  symmetrical 
spirals  were  formed,  each  nearly  two  inches  long,  and  separated  by 
a  rectilinear  piece  of  the  same  metal,  the  spirals  of  the  two  being 
turned  in  contrary  senses.  Within  each  of  these  spirals  a  needle, 
properly  guarded,  was  included,  and  the  connexion  made  between 
the  two  ends  of  a  galvanic  battery.  The  result  was,  that  both  the 
needles  were  magnetized,  but  in  exactly  opposite  senses.  When  a 
right  helix  had  lieen  used,  that  end  of  the  needle  which  had  been 
placed  towards  the  negative  pole  of  the  battery  pointed  to  the  north, 
and  the  other  end  to  the  south ;  but  with  a  lett  helix,  that  end  of 
the  needle  which  had  been  nearest  the  positive  pole  of  the  battery 
pointed  north,  and  the  other  end  south.  In  one  case,  when  the  con- 
necting wire  had  been  twisted  into  three  consecutive  helices,  the 
middle  one  being  diifcrcnt  from  the  other  two,  a  single  piece  of 
steel  wire,  sufficiently  long  to  pass  through  all  three,  being  enclos- 
ed in  a  glass  tube,  was  placed  within  them.  On  being  removed,  it 
was  found  to  have  acquii^d  six  poles:  first  a  north  pole,  a  little  fur- 
ther on  a  south  pole,  thcti  another  south  pole,  a  north  pole,  another 
north  pole,  and  at  the  further  end  a  south  pole. 

The  electricity  of  a  common  machine,  it  was  afterwards  ascer- 
tained by  the  Chev.  Yelin,  when  passed  along  a  helix,  either  in 
simple  electrical  spai'ks  or  discharges  from  a  battery,  has  the  effiict 
of  rendering  an  included  needle  magnetic.  In  varying  these  expe- 
riments, M.  Bockman  ascertained  that  no  modification  of  the  effect 
was  produced  by  altering  the  diameter  of  the  helix  from  half  an 
inch  to  13  inches.  With  a  helix  of  34  inches  diameter,  and  a  coat- 
ed surface  of  300  square  inches,  much  less  magnetism  was,  how- 
ever, imparted ;  and  with  one  of  H4  inches  it  was  scarcely  percep- 
tible. It  was  found  that  a  needle  outside  of  the  helix  was  magnet- 
ized as  much  as  one  within;  that  after  being  once  fully  magnetized, 
a  continuation  of  the  discharges  diminished  its  power;  and  that 
five  jars,  each  of  300  square  inches,  did  not  produce,  by  repeated 
discharges,  much  more  effect  than  one  of  them. 

Any  wire,  through  which  a  current  of  electricity  is  passing,  has 
a  tendency  to  revolve  round  a  maj^nctic  pole,  in  a  plane  perpendi- 
cular to  the  current;  and  that,  without  any  reference  to  the  axis  of 
the  magnet,  the  pole  of  which  is  used.  Also  a  magnetic  pole  has 
a  tendency  to  revolve  round  such  a  wire. 

Suppose  the  wire  perpendicular,  its  upper  end  positive,  or  attach- 
ed to  the  positive  pole  of  a  Voltaic  battery,  and  its  lower  end  nega- 
tive; and  let  the  centre  of  a  watch  dial  represent  the  magnetic  pole: 


if  it  be  ft  north  pofet  thslvlK  will  route  ronnd  it  In  tbe  direction 
tint  the  watch  fianda  ntove;  if  it  be  a  south  pole,  the  motion  wiD. 
be  it  the  opposite  direction.  From  these  two,  the  motions  wlucb 
wonld  take  place  if  tbe  wire  mft  iDverted,  or  the  pole  changod  «r 
made  to  moTe,  ma.j  be  readily  ascertained,  since  the  reUtioii  mV 
pointed  out  remains  constant. 

The  apparatus  in  the  sketch 
ia  the  ingenious  invention  of 
Mr.  Faraday,  and  is  intended 
to  illustrate  these  motions. 
The  central  fnllar  supports  a 
piece  of  thick  copper  wire, 
vhich,  on  the  one  ude,  dips 
into  the  mercury  contained  m 
a  imall  g^s  cup,  a.  To  a  pin 
•t  the  bottom  of  this  cap  a 
■mall  cylindrical  magnet  ia 
attached  by  a  piece  of  thread, 
ao  that  one  pole  shall  rise  a 
little  above  the  surface  of  the  mercury,  and  be  at  liberty  to  more 
round  the  wire.  The  bottom  of  the  cup  is  perforated,  and  haa  a 
copper  pin  passing  through  it,  which,  touching  the  mercury  in  the 
inude,  is  also  in  contact  with  the  wire  that  proceeds  ontwarda  on 
that  side  the  instrument  On  the  other  side  of  the  instrument,  b, 
the  thick  copper  wire,  soon  after  turning  down,  terminates,  but  a 
thinner  piece  of  wire  forms  a  cominunication  between  it  and  tbe 
mercury  in  the  cup  beneath.  As  freedom  of  motion  is  required  in 
this  wire,  it  is  made  to  communicate  with  the  former  by  a  ball  and 
socket  joint,  the  ball  being  held  in  the  socket  by  a  piece  of  thread ; 
or  else  the  ends  arc  bent  into  hooks,  and  the  one  then  hooked  on  to 
the  other.  As  good  metallic  contact  is  required,  the  parts  should 
be  amalgamated,  and  a  small  drop  of  mercury  placed  between  them, 
and  the  lower  ends  of  the  wire  should  also  be  amalgamated.  Be- 
neath thehangingwireasmallcircularmagnetia  fixed  in  the  socket 
of  the  cup,  b,  so  that  one  of  its  poles  is  a  little  above  the  mercury. 
As  in  the  former  cup,  a  metallic  connexion  is  made,  through  the 
bottom,  from  the  mercury  to  the  external  wire. 

If  now  the  poles  of  a  battery  be  connected  with  the  horizontal 
external  wires,  c  e,  the  current  of  clcctricily  will  be  through  the 
mercury  and  the  horizontal  wire  on  the  pillar  which  connects  them, 
and  it  will  now  be  found  that  the  moveable  part  of  the  wire  will  ro- 
tate round  the  magnetic  pole  in  the  one  cup,  b,  and  the  magnetic 
pole  round  the  fixed  wire  in  the  other  cup,  a,  iu  the  direction  before 
mentioned. 

By  using  a  delicate  apparatus,  the  magnetic  pole  of  tbe  earth 
may  be  made  to  put  (he  wire  in  motion.  The  rotation  then  lakes 
place  round  a  line  parallel  to  the  dipping  needle:  hence  the  rotating 
wire  must  always  be  inclined,  so  that  the  solid  it  describes  in  re- 
volving, if  a  cone,  and  nul  a  mere  circle,  should  include  a  line  paral- 
lel to  the  dip  which  passes  through  its  apex. 
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Another  ingenious  contrivance  for  illuitrating  the  rotatory  mi>- 
tion  of  the  wire  round  the  pole  of  a  magitet,  has  been  invented  by 
M.  Ampere,  and  has  the  advantage  of  comprising  within  itself  the 
Voltaic  combination  which  is  employed.  It  consists  of  a  cylinder 
of  copper  about  two  inches  high,  and  1|  internal  diameter,  within 
which  IS  a  smaller  cylinder  about  1  inch  diameter.  (See  the  wood- 
cut)  The  two  cylinders  are  fixed  together  by  a  bottom,  having  a 


hole  in  its  centre  the  size  of  the  smaller  cylinder,  leaving  a  circolar 
cell,  which  may  be  Riled  with  acid.  A  piece  of  strong  copper  wire 
is  fastened  across  the  top  of  the  inner  cylinder,  and  ^om  the  mid- 
dle of  it  rises  at  a  right  angle  a  piece  of  copper  wire,  supporting  a 
very  small  metal  cup  containing  a  few  globules  of  mercury.  A  cy- 
linder of  zinc,  open  at  each  end,  and  about  1^  inch  diameter,  com- 
fiietes  the  Voltaic  combination.  To  the  latter  cylinder  a  wire,  bent 
ike  an  inverted  U,  is  soldered  at  opposite  aides;  and,  in  the  bend 
of  this  wire,  a  metallic  point  is  fixed,  which,  when  fixed  in  the  Utile 
cup  of  mercury,  suspends  the  zinc  cylinder  in  the  cell,  and  allows 
it  a  free  circular  motion.  On  the  suggestion  of  Mr.  liarlow,  Mr. 
Newman  has  fixed  an  additional  point  directed  downwards  from 
the  central  part  of  the  stronger  wire,  which  point  is  adapted  to  a 
small  hole  at  the  top  of  a  bar  magnet.  When  the  apparatus  with 
one  point  only  is  charged  with  diluted  acid,  and  set  on  the  end  of 
a  magnet  placed  vertically,  the  zinc  cylinder  revolves  in  a  direction 
determined  by  the  magnetic  pole  which  is  uppermost.  With  two 
points,  the  copper  revolves  in  one  direction,  and  the  zinc  in  a  cob* 
trary  one.    The  magnet  employed  should  be  a  powerful  one. 

As  it  is  not  easy  always  to  bear  in  mind  the  direction  In  which 
the  different  poles  of  a  magnet  tend  to  revolve  round  the  galvanised 
wire,  or  in  which  the  wire  tends  to  revolve  round  each  respective 
magnetic  pole,  tlic  following  contrivance  of  Dr.  Roget,  which  he 
has  been  so  good  as  to  coqimunicate  to  me,  will  be  found  very  use 
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ful  in  aiding  our  conceptions,  while  studying  the  circumstances  of 

an  experiment,  or  anticipating  the  j^ 

result  of  any  new  combination.    A 

B,(see  the  wood-cut)  is  a  slip  of  card, 

on  each  side  of  which  a  line,  a  6,  is 

drawn  along  thcmiddlc  of  its  length, 

the  end  a  being  marked  +» the  end 

b  — ,  and  the  centre  c  being  crossed 

by  an  arrow  at  right  angles  to  it, 

directed  as.  in  the  figure.  Through 

the  centre  and  at  right  angles  to  the 

plane  of  the  slip  of  card,  there  is 

made  to  pass  a  slender  stem  of  wood, 

at  the  two  ends  of  which  are  fixed, 

in  planes  parallel  to  the  slip  of  card 

A  B,  the  circular  discs  of  card, 

marked  respectively  with  the  letters 

N  and  S,  and  with  arrows  parallel 

to,  but  pointing  in  a  contrary  direction  to  the  one  at  c.    The  same 

marks  must  be  put  on  the  reverse  of  each  of  the  three  pieces  of 

card,  so  that,  when  held  in  different  situations,  they  may  be  seen 

without  turning  the  instrument 

If  the  line  a  6  be  supposed  to  represent  the  galvanic  wire,  (the 
direction  of  the  current  of  electricity  being  denoted  by  the  signs 
+  and  — ^  at  the  ends  of  the  lino,)  the  arrow  at  the  centre  will  point 
out  the  dirocliou  in  whicli  it  tends  to  move,  when  under  the  influence 
of  the  north  pole  of  a  niagmt  situated  at  X ;  or  of  a  south  pnle 
situated  on  the  other  side  at  S;  and,  vice  vcrsa^  the  arrows  at  N 
and  S  will  indicate  the  directions  in  which  the  north  and  south 
pole,  respectively,  tends  to  revolve  round  the  galvanised  wire  in 
its  vicinity,  with  relation  to  the  direction  of  the  current  of  electri- 
city that  is  passing  through  it. 

It  must  be  observed  that  the  poles  X  and  S  are  here  not  consid- 
ered as  in  connexion  with  each  other,  or  as  forming  parts  of  one 
magnet;  their  operations  are  exhibited  singly,  and  quite  indepen- 
<lently  of  each  other.  The  advantage  of  this  little  instrument  con- 
sists in  its  capability  of  being  held  in  any  situation,  and  thus  easily 
adapted  to  the  circumstances  of  any  fact  or  experiment  of  which 
we  may  wish  to  examine  the  theory. 

The  abo\e  is  but  a  veiy  imperfect  outline  of  the  important  facts 
already  known  res|uctin)^  ele(  iro-ma,L;nelism;  but  it  ^\ould  lead  me 
into  details  too  extt'usive  for  this  work  to  go  fartlu'r  into  the  sub- 
ject. 1  refer,  therefore,  to  the  ori^;inal  memoirs  of  Oersted,  (Ann. 
of  IMiil.  xiii.  and  N.  S.  ii.);  Arag<j,  (Ann.  de  Chim.  et  Phys.  xv. 
03);  Ampere,  (Ann.  de  (him.  et  IMiys.  xv.  5[));  Sir  H.  Davy,;^Phil. 
Trans.  IH*M);  I'ajaday,  ((^uai  t.  J(»ur!i.  xii.  47,  41(0 ;  and  oihers 
Those,  who  wish  oulv  Wiv  a  ''rueral  view  of  the  subject,  will  find  it 
in  an  '*  Historical  Sket<  h  of  I'Jec  tro-Maj;netism,"  published  in 
the  Cd  and  .m1  \olum(-N,  N.  S.  of  the  Annal*  of  Philosophy.  It  is 
necessary,  howevei, 'lefore  diMiii''.iii)',  tin-  ^iiljret,  tn  nflri    a  briil 
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Ticw  of  the  explanation  which  has  been  g^ven  of  the  leading  phe* 
nomena. 

The  theory  of  Oersted,  which,  though  it  appears  to  have  led  him 
to  his  principal  discoveries,  is  not  stated  in  a  very  intelligible  man- 
ner, rests  on  the  assumption  of  two  different  and  opposite  electri- 
cities, positive  and  negative,  the  former  of  which  is  developed  by 
the  more  oxidizable,  the  latter  by  the  less  oxidizable  metal  of  gal- 
vanic arrangements.  Each  of  these  forces  has  a  repulsive  activity 
for  itself,  and  an  attractive  activity  for  the  opposite  force.  In  the 
wire  connecting  the  two  opposite  poles  of  a  galvanic  battery,  and 
in  the  space  around  it,  there  arc,  he  supposes,  two  currents,  the  one 
of  positive,  the  other  of  negative  electricity,  moving  in  spiral  and 
opposite  directions;  and  an  effect  is  supposed  to  take  place  in  the 
wire  and  around  it,  dependent  on  the  union  of  these  electricities, 
to  which  he  gives  the  name  of  the  electric  conflict.  By  this  conflict, 
all  non-magnetic  bodies  appear  to  be  penetrable,  while  magnetic 
bodies,  or  rather  their  ma^etic  particles,  resist  its  passa^  and 
are,  therefore,  moved  by  the  impetus  of  the  contending  powjers. 
All  the  eflects  on  the  north  pole  of  the  needle  may  be  understood 
by  supposing  that  negative  electricity  moves  in  a  spiral  line  bent 
to  the  right,  propelling  the  north  pole,  but  not  acting  on  the  south 
pole.  To  positive  electricity  a  contrary  motion  is  ascribed,  and  a 
power  of  acting  on  the  south  pole,  but  not  on  the  north.  This 
theory  requires,  therefore,  that  there  be  two  electric  fluids;  but  in 
the  opinion  of  Dr.  Wollaston,  which  on  every  obscure  topic  of 
science  is  entitled  to  the  greatest  deference,  the  phenomena  may 
be  equally  well  explained  by  a  single  electro-magnetic  current, pass- 
ing round  the  axis  of  the  wire,  in  a  direction  determined  by  the 
position  of  the  Voltaic  poles.  The  assumption  of  such  a  current  is, 
it  must  be  confessed,  altogether  gratuitous;  but,  without  such  a 
supposition,  it  is  not  easy  to  conceive  any  adequate  cause  for  the 
motions  that  are  ol)scr\cd  in  the  map^netic  needle,  when  ])rought 
within  the  influence  of  the  uniting  wire.  Further  researches  will 
probably  unfold  the  caust^s  of  these  interesting  phenomena,  and 
will  class  them  under  general  laws,  founded  on  a  more  extensive 
induction  of  facts  than  we  now  possess,  notwithstanding  the  zeal 
and  genius  that  have  already  been  devoted  to  the  inquiry. 


CHAPTER  VI. 

or    ELKCTRO-NRGATIVK    BODIKS. 


In  conformity  with  the  principle  of  arrangement,  which  has  been 
explained  in  the  Introduction,  I  shall  romnicnce  With  that  class  of 
simple  bodies,  tlit^  individuals  of  which  are  chiefly  distinguished 
by  the  property  of  being  attracted  by  positively  electrified  surfaces, 
and  repelled  by  negative  ones,  and  the  natural  state  of  which  may, 
Vol.  I.  A  a 
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therefore,  from  the  common  laws  of  electrical  attraction  and  re- 
pulsion, be  inferred  to  be  negative.  They  may  be  termed,  for  the 
sake  of  brevity,  ekcirihnegative  bodies.  Though  highly  important, 
from  their  extensive  influence  a9 chemical  agents,  yet  their  number 
is  but  small ;  for  they  consist  only  of  oxygen,  chlorine,  iodine, 
BROMINE,  and  a  fifth  body,  which  is  only  very  imperfectly  known 
to  us,  fluorine. 

These  bodies  have  been  classed  together  from  another  circum* 
Btance  of  resemblance,  that  of  being  what  has  been  termed  mpport" 
€r9  of  combustion.  But  to  the  latter  principle  of  arrangement  may  lie 
objected  the  more  extensive  use,  which  is  now  made  in  chemistry, 
of  the  term  combustion,  to  express  all  chemical  combinations,  which 
are  accompanied  with  the  extrication  of  heat  and  light.  Now  these 
appearances  constantly  attend  the  union  of  some  of  the  simple  com- 
bustible bodies  with  each  other  (sulphur  and  copper  for  instaaice); 
and  we  must  seek,  therefore,  for  analogies  of  a  more  comprehen- 
sive kind,  on  which  to  found  the  classification  of  chemical  sub- 
stances. In  the  present  state  of  our  knowledge,  none  appears  to 
me  preferable  to  that  which  distributes  them  into  two  great  classes; 
the  KLECTRO-NEGATivE,  or  bodics  that  are  attracted  by  the  positive 
pole  of  a  galvanic  or  electrical  arrangement,  which  are  the  five  al- 
ready mentioned :  and  the  el sctro- positive,  or  those  that  arc  at- 
tracted by  the  negative  pole.  The  latter  class,  it  will  afterwards 
appear,  contains  a  much  greater  number  of  individuals,  and  may 
itself,  with  great  advantage  to  perspicuity  and  order,  be  divided 
into  several  subordinate  genera. 


SKCTION  I. 

We  have  no  knowledg<?  of  the  properties  of  oxygen  in  a  state  of 
complete  sepuration.  In  tlie  most  simple  form,  under  which  we  can 
procure  ii,  it  is  combined  with  caloric,  and  pro!)al)ly  with  light  and 
electri<ily,  constitutin^-  oxyj^en  gas. 

This  j^as  was  disrovered  by  Dr.  Priestley  in  August  177*1.  He 
first  o!)lained  il  from  thai  oxide  of  mercury,  which  is  produced  by 
the  lon^  exposure  of  <|uir.ksilver  to  a  boiling  heat,  and  which  had 
then  the  name  n\'  i/urcttrif/s  rnUiudtus  pvr  nr.  From  480  i^rains  of 
this  suhstant «',  he  procunjd,  I)y  means  of  a  burninj;  j^lass,  sixty 
ounce  measures  of  j^as.  After  invesiij^atinj^  its  properties  with  con- 
siderahle  skill,  he  j^a\e  it  the  name  of  (Irphloixistirattd  air.  In  the 
followinj^  year,  Srheele  discovered  it,  witliout  any  knowledge  of  ihc 
j)reviousexperinuMits  of  Priestley,  and  called  it  empi/ real  air,  (Treat- 
ise on  Air  and  I'ire,  xxxii.)  It  has  been  termed,  aiso^  vital  air  :  but 
all  these  have  gi\en  plare  to  xhv.  name  i)roposed  by  Lavoisier,  which 
it  now  bears,  and  which,  thoiiji^h  objectionable  on  some  account^ 
it  is  searcely  desirable  to  chan^^e. 

I.  Oxif^cn  i^as  wiay  be  procured  from  various  substances. 
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1.  From  the  black  oxide  of  manganese,  heated  to  redness  in  a 
gun-barreU  or  in  an  iron  or  earthen  retort 

It  is  not  easy  to  lay  down  a  general  rule,  as  to  the  quandty  of 
oxygen  gas  obtainable  by  heat  irom  a  giren  weight  of  peroxide  of 
manganese  of  commerce,  owing  to  the  variable  purity  of  that  sub- 
stance. Supposing  it  pure,  44  grains  of  peroxide  should  give  4 
grains  of  oxygen  gas,  equal  to  about  12  cubic  inches,  and  40  of 
deutoxide  should  remain.  Mr.  Watt  found  that  a  pound  (7000 
grains^  of  the  best  Exeter  manganese  yielded  generally  about  1400 
cubic  mches  of  gas.  An  iron  tube,  when  used  for  the  first  time, 
gives  a  less  pure  gas  than  afterwards,  the  carbonaceous  matter  of 
the  iron,  uniting  with  the  oxygen,  and  being  converted  into  car- 
bonic oxide  or  acid.  As  manganese  of  commerce,  also,  is  often 
contaminated  with  carbonate  of  lime,  it  is  advisable,  before  using 
it,  to  wash  it  with  muriatic  or  nitric  acid  diluted  with  15  or  20 
parts  of  water ;  then  to  edulcorate  with  distilled  water ;  and  after- 
wards to  dry  it  at  a  moderate  heat. 

2.  When  only  a  small  quantity  of  oxygen  gas  is  wanted,  it  is  bet- 
ter to  act  upon  the  peroxide  of  manganese  with  excess  of  sulphuric 
acid,  less  heat  being  then  required,  and  the  peroxide  being  convert- 
ed into  protoxide.  Into  a  well  cleaned  Florence  oil  flask  pour  four 
ounces  of  strong  sulphuric  acid ;  after  wiping  the  neck  dry,  add 
by  degrees  two  ounces  of  finely-powdered  manganese,  shaking  the 
mixture  after  each  addition.  Then  insert  into  the  neck  of  the  flask 
a  glass  or  leaden  tube,  bent  into  the  proper  form  for  conveying  the 
gas  into  receivers  inverted  over  water;  and  having  made  the  joint 
good,  by  bladder  tied  firmly  down  with  string,  and  covered  with  a 
little  moistened  linen  or  flax,  to  prevent  the  bladder  from  being 
burned,  apply  the  heat  of  a  spirit,  or  Argand's  oil  lamp.  The  flask 
should  occasionally  be  agitated,  to  keep  the  manganese  mixed  with 
the  acid,  which  a  little  use  will  enable  the  operator  to  do,  without 
removing  the  orifice  of  the  conducting  tube  from  beneath  the  wa- 
ter. From  10  to  20  cubic  inches  of  the  first  portion  of  gas  that 
comes  over  may  be  rejected,  and  the  remainder  kept  for  use,  wash- 
ing it,  if  required  for  delicate  purposes,  with  liquid  potash  or  lime 
water.  From  the  above  quantity  of  materials,  170  or  180  cubic 
inches  of  oxygen,  containing  only  about  4  per  cent,  of  impurities, 
may  be  obtained.  This,  for  the  reason  already  given,  is  less  than 
the  theoretical  proportion,  (viz,  24  cubic  inches  from  44  grains,) 
though  more  sulphuric  acid  may  have  been  used  than  is  required 
to  convert  the  peroxide  into  protosulphate  of  manganese.  The 
residuum  is  generally  so  hard,  that  the  flask  is  unavoidably  sacri- 
ficed. 

3.  The  red  oxide  of  lead  (the  common  red  lead  used  by  painters,) 
similarly  heated  either  with  or  without  an  equal  weight  of  concen- 
trated sulphuric  acid,  gives  oxygen  gas  of  considerable  purity. 

4.  It  may  be  obtained  from  various  other  oxides,  as  will  be  here- 
after mentioned. 

5.  From  nitrate  of  potassa  (common  saltpetre)  made  red-hot  in 
a  gun-barrel,  or  in  an  earthen  retort ;  but,  as  thus  obtained,  it  is  far 

f*mm  hpinc^  nuri*. 
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C.  From  chlorate  of  potassa  heated  in  a  small  coated  glass  retort, 
over  an  Argand's  lamp.  The  oxygen  gas  thus  produced,  is  much 
purer  than  that  obtained  in  any  other  mode,  especially  the  last  por- 
tions, which  should  he  kept  separate.  In  a  quantity  of  oxygen  gas 
prepared  with  great  care  from  this  salt,  Humboldt  and  (iay  Lussac 
could  discover  only  four  parts  of  impurity  in  lOOO.  It  will  be  found, 
also,  to  be  much  less  contaminated  with  common  air,  if  the  salt 
be  heated  in  a  small  mattrass,  which  is  best  when  of  green  glass. 
The  chlorate  of  potassa  may  be 
introduced  while  the  tube  is 
straight,  which  allows  us  to  use 
one  of  very  small  diameter. 
After  this  it  may  be  bent  by  a 
spirit  lamp,  as  represented  in 
the  annexed  cut.  From  100  grs. 
of  the  chlorate,  between  110  and  115  cubic  inches  of  gas  may  be 
expected.  (See  the  article  on  Chlorate  of  Potassa.) 

All  oxides,  after  having  yielded  oxygen  gas,  are  found  consider- 
ably diminished  in  weight ;  and  calculating  each  cubic  inch  of  gas 
to  be  equal  to  one  third  of  a  grain,  the  loss  of  weight  by  the  oxides 
will  be  found  equivalent  to  that  of  the  gas  generated. 

II.  Oxygen  gas  has  the  following  properties : 

1.  It  is  so  sparingly  absorbed  by  water,*  that,  when  agitated  in 
contact  with  that  fluid, no  perceptible  diminution  takes  place.  When, 
however,  the  water  has  been  carefully  purged  of  air,  it  will  be  found 
that  100  cMibir  inches  are  capable  of  absorbing  about  four  cubic 
inches  of  owi^cn  i^as. 

•^2.  If  is  rathtr  Jit  aritr  than  commonalr,  Messrs.  Allen  and  I^*py^ 
determined  100  cubic  inches  to  weit^h  Tio.Hv!  t^rains,  the  barometer 
beinj;;  .>(),  and  tlie  thernK meter  (W)  ;  from  wlieiice  its  specific  gr;»\'uy 
may  be  deduced  to  be  I.IOSS.  By  Hioi  und  Arai^o  its  specitic  irra\itv 
is  stated  to  be  l.lO.^oi);  bv  Thenard  l.lnO.>;  l)v  Herzerms  and  Du- 
long  1.10  2r>;  and  by  Dr.  Thoniso'i  1.1111.  l<e(  Ivonini;  l<ii»  rii:)ic 
inches  ot*  :iti:i(ispiieric  air  to  wci^^h  ">0..>  mraiii^,  K^O  cubic  inches  iif 
oxyj^«'n  should  ueii^^h,  a^'j'ordiii}^  to  lierzelius, . ").?.() 21)  grains,  or  ac- 
cordinir  H)  Dr.  'riioinsfjn  .V^.S^s  •■■rains. 

3.  It  rtfrn'i.s  tin  nnjH  (tf'/ij/i/  jess  than  any  olhei*  j;;as. 

4.  \\'hen  siidch-niy  an'l  >t;-()Ti'^ly  compi-essed,  noi  only  heal  is  ev(»l\- 
ed,  but  the  l'u\  fur  .,.;  v  fi!n(htnii>i^  a  proj)erty  belonj^ing  to  no  other 
siinph'  i^as  e\ce])t  chlorifir. 

5.  .7//  n)tnffus(i/if(  fHnfit^  Imni  hi  o,ri/u^rn  ^ai  witti  srrmfft/  inirea^fd 
ajtioufntfr, 

(a)  \  lii^hted  \va\  taprr,  fixed  to  an  iron  wire,  and  plun,i^ed  into 
a  vessel  of  ihiT.  -^as,  burns  with  great  biilliancy,  pi.  iv.  Tm;.  .>S.  If 
the  taper  be  bloun  out,  and  let  down  into  a  vessel  of  the  v^as,  while 
ibe  snuff  remains  red-hoi,  it  instantly  rekindles,  with  a  slight  ex- 
plosion. 

•  In  tills  .IS  in  M.*v(  rul  oliur  Instanci's,  wiurr  a  jf.is  is  said  not  to  bo  ab-iorbcil 
by  watiT,  thir  as^nti'in  is  n^t  to  l>i-  t.ikru  MilctU,  hut  iiuirly  as  inipl}  ii»^  Out 
only  a  minuti-  ami  diflimliU  appicciaijK-  poitldnis  ab«.orl>o(l.  Tlic  precise  pro- 
portion of  each  gas  absorbed  hy  water  is  stutcd  in  chap.  vii.  sec.  i. 
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(b)  A  red-hot  bit  of  charcoal,  fastened  to  a  copper  Avire,  and 
immersed  in  the  gas,  burns  vividly,  and  throws  out  beautiful  sparks. 
Charcoal  made  of  bark,  is  best  adapted  to  this  purpose. 

(c)  The  light  of  phosphorus,  burnt  In  this  gas,  is  the  brightest 
that  can  be  in  any  mode  produced ;  if  we  except,  perhaps,  the  ig- 
nition of  charcoal  by  Voltaic  electricity.  Let  the  phosphorus  be 
placed  in  a  small  hemispherical  tin  cup,  which  may  be  raised  by 
means  of  the  wire  stand,  plate  ii.  fig.  25,  two  or  three  inches  above 
the  surface  of  water  contained  in  a  broad  shallow  dish.  Fill  a  tall 
bell-shaped  receiver,  having  an  open  neck  at  the  top,  to  which  a 
stopper  is  ground,  with  oxygen  gas;  and,  as  it  stands  inverted  in 
water,  press  a  circular  piece  of  pasteboard,  rather  exceeding  the 
jar  in  diameter,  over  its  mouth.  Cover  the  phosphorus  and  the 
stand  instantly  with  the  jar  of  oxygen  gas,  retaining  the  pasteboard 
in  its  place,  till  the  jar  is  immediately  over  the  cup.  When  this 
has  been  skilfully  managed,  a  very  small  portion  only  of  the  oxy- 
gen gas  will  escape.  The  stopper  may  now  be  removed  for  a  few 
seconds,  when  the  water  will  rise  to  the  same  level  within  as  with- 
out the  jar,  and  the  phosphorus  may  be  kindled  by  a  heated  cop- 
per wire. 

(c/)  Substitute,  for  the  phosphorus  in  experiment  c,  a  small  ball 
formed  of  turnings  of  zinc,  in  which  about  a  grain  of  phosphorus 
is  to  be  enclosed ;  and  set  fire  to  the  phosphorus  as  before.  The  zinc 
will  be  inflamed,  and  will  bum  with  a  beautiful  white  light.  A  si- 
milar experiment  may  be  made  with  metallic  arsenic,  which  may 
be  moistened  with  spirit  of  turpentine.  The  filings  of  various  me- 
tals may  also  be  inflamed,  by  placing  them  in  a  small  cavity, 
fonned  in  a  piece  of  charcoal,  igniting  the  charcoal,  and  blowing, 
on  the  part  containing  the  metal,  a  stream  of  oxygen  gas  from  a 
bladder. 

(f)  Procure  some  thin  harpsicord  wire,  or  soft  iron  wire,  and 
twist  it  round  a  slender  rod  of  iron  or  glass,  so  as  to  coil  it  up  in 
a  spiral  f(jrin.  Then  withdraw  the  rod,  and  tie  a  little  thread  or 
flax  round  one  end  of  the  wire,  for  about  one-3()th  of  an  inch ; 
which  end  is  to  l)e  dij)ped  into  nielied  sulphur.  The  other  end  of 
the  wire  is  to  be  fixed  into  a  cork;  so  that  the  spiral  may  hang 
vertically  (fig.  ;>!).)  Fill,  also,  with  oxygen  gas,  a  bottle  capable 
of  holding  about  a  quart,  and  set  it  with  its  mouth  upward.  Then 
light  the  sulphur,  and  introduce  the  wire  into  the  bottle  of  gas, 
suspending  it  by  the  cork.  The  iron  will  burn  with  a  most  brilli- 
ant light,  throwing  out  a  number  of  sparks,  which  are  projected 
against  the  sides  or  fall  to  the  bottom  of  the  bottle,  melt  and  pene- 
trate the  glass,  and  frequently  break  it.  This  accident,  however, 
may  sometimes  be  prevented  by  pouring  sand  into  the  bottle,  so 
as  to  lie  about  half  an  inch  deep  on  the  bottom  (see  pi.  iv.  fig.  39.) 
According  to  Mr.  Accum,  a  thick  piece  of  iron  or  steel,  such  as  a 
file,  if  made  sharp-pointed,  may  be  burnt  in  oxygen  gas.  A  small 
bit  of  wood  is  to  !)e  stuck  upon  its  extremity,  and  set  on  fire,  pre- 
viously to  immersion  in  the  gas. 

(/)  A  little  of  Homberg's  pyrophorus,  a  substance  to  be  here- 
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after  described,  when  poured  into  a  bottle  full  of  this  gas,  imme- 
diately flashes  like  inflamed  gunpowder. 

From  this  detail  of  its  properties,  it  appears,  that  oxygen  gat  is 
eminently  a  supporter  of  comougtion.  It  was  long,  indeed,  supposed 
to  be  the  only  supporter,  and  the  presence  of  oxygen  was  imagin- 
ed to  be  absolutely  essential  to  combustion.  It  will  appear,  how- 
ever, in  the  sequel,  that  other  simple  bodies  capable  ol  existing  in 
an  aerial  form,  are  equally  entitled  to  rank  as  supporters  of  com- 
bustion. Among  these  are  chlorine,  iodine,  bromine,  and  possibly 
fluorine.  But  they  do  not  all  support  the  combustion  of  the  same 
substances;  charcoal,  for  example,  does  not  burn  in  chlorine,  and 
potassium  is  the  only  body  that  is  known  to  bum  in  the  vapour  of 
iodine. 

III.  During  every  combustion  in  oxygen  gaSy  the  gas  siuffers  a  txm- 
siderable  diminution. — To  exhibit  this  on  a  large  scale,  and  in  a 
manner  perfectly  free  from  all  sources  of  error,  would  require 
such  an  apparatus,  as  few  but  adepts  in  chemistry  are  likely  to 
possess.  1  he  apparatus,  adapted  to  this  purpose  and  employed  by 
Lavoisier  in  the  combustion  of  phosphorus,  is  described  in  the  5th 
chapter  of  his  Elements  of  Chemistry ;  and  is  well  adapted  to  show 
the  absorption  of  oxygen  gas.  But  persons,  who  are  in  possession 
of  a  mercurial  trough,  even  of  small  size,  may  satisfy  themselves 
of  the  fact,  by  an  easy  experiment.  Invert  a  tube  about  six  inches 
long,  and  half  an  inch  diameter,  filled  with  dry  mercury,  in  the 
trough.  About  one  half  of  the  mercury  may  then  be  displaced 
from  the  tube  by  dry  oxyj^en  gas,  and  a  small  bit  of  phosphorus, 
not  cxreedini;  a  grain,  doprivrd  of  moisture  by  blolling-paper,  may 
then  be  let  up  lo  the  gas.  The  phosphorus  may  be  kindled,  by 
bringing  the  llaine.  of  a  spirit-lamp,  gradually  and  cautiously,  near 
that  pari  of  ihe  outside  of  the  tube,  when  held  at  a  proper  angle, 
whicli  is  contiguous  to  the  phosphorus.  It  will  burn  brilliantly, 
and  will  continue  to  do  so,  till  the  oxygen  bas  alniost  entirely  di^»- 
appeared,  and  the  mercury  has  taken  place  of  the  gas.  The  mer- 
cury may  then  be  poured  out,  and  the  tube  reserved  for  an  exami- 
nation of  iis  contents.  A  small  (juanlity  of  water,  employed  to 
wash  it  out,  will  be  found  to  have  become  sour  to  the  taste,  and  to 
have  ac(iuircd  the  property  of  reddening  litmus  paper,  sho\«ing 
the  formation  of  phosphoric  acid. 

IV'.  Jhirini^  the  ronwustiou  of  bodies  in  oxys^cn  ir^/v,  a  large  t^uan- 
tity  of  caloric  is  liberated, — Lavoisier  has  endeavoured  to  prove 
(Elements  of  Chemistry,  chap,  ix.)  that  a  given  weight  of  oxygi»n 
abandons  very  dilVerent  (juantilies  of  heat,  when  combined  with 
different  inflammable  bodies.  Tor  example,  the  caloric  disengaged 
fi-om  1  pound  of  oxygen  gas,  during  the  combustion  of  its  etjuiva- 
lent  of  phosphorus,  he  estimates  lo  be  suflicient  to  melt  between 
GO  and  (ir  pounds  of  ice;  of  charcoal,  between  CC  and  38  pounds; 
and  of  hydrogen,  52,  pounds  of  ice.  These  results  agree  generally 
with  the  later  on«-s  of  I)esi)relz,  who  finds  that  hydrogen  is  the 
combustible  which  develops  least  heat  for  the  same  quantity  of  oxy- 
gen absorbed;  and  that  the  metals  disengage  most.  Ciiarcoal, 
which  does  not  change  the  volume  of  oxygen  gas  by  its  combus- 
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tion,  gives  a  quantity  of  heat  equivalent  to  3-5ths  of  what  is  evolv- 
ed by  the  metals  (Ann.  de  Ch.  et  Phys.  xxxvii.  180.)  There  can 
be  little  doubt  that  the  heat,  evolved  in  these  combustions,  as  well 
as  the  light,  has  its  origin  partly  from  the  oxygen  gas,  and  partly 
from  the  combustible  body ;  but  tfic  precise  quantity  due  to  each 
cannot  be  determined ;  nor  can  we  arrive  at  any  thing  more  than 
the  relative  quantities  of  heat  which  are  evolved  by  different  bodies 
during  the  decomposition  of  a  given  volume  of  oxygen  gas;  in 
other  words,  at  a  comparison  of  the  heat  evolved  with  the  oxygen 
spent.  It  must  be  understood,  however,  that  the  transition  of 
oxygen  from  the  gaseous  to  a  more  dense  state  is  not  essential  to 
the  phenomena  of  combustion ;  for  besides  that  we  have  several 
examples  of  true  combustion  where  oxygen  is  not  at  all  concerned, 
as  in  those  effected  by  chlorine,  the  principle  is  still  more  limited 
by  a  variety  of  cases,  to  be  afterwards  mentioned,  which  show 
that  active  and  vivid  combustion  is  sometimes  attended,  not  with 
a  condensation  of  the  bodies  that  combine,  but  on  the  contrary, 
with  a  great  enlargement  of  their  united  volumes;  and,  what  is 
still  more  remarkable,  that  in  some  instances,  the  new  compounds 
formed  by  combustion,  have  as  great  a  capacity  for  heat  as  their 
constituent  principles.  (See  Petit  and  Dulong's  Memoir,  Ann.  de 
Ch.  et  de  Phys.  x.  395. )  In  a  variety  of  instances,  also,  gaseous 
substances,  when  mingled  together,  pass  to  the  fluid  and  even  to 
the  solid  state,  without  any  appearances  of  combustion,  ammonia 
and  muriatic  acid  for  instance. 

V.  All  bodies^  by  combustion  in  oxygen  gasj  acquire  an  addition 
to  their  weight;  and  the  increase  is  in  proportion  to  the  quantity  of 
gas  absorbed^  viz.,  about  one-third  of  a  grain  for  every  cubic  inek  of 
jfof.— -To  prove  this  by  experiment,  requires  also  a  complicated 
apparatus.  But  sufficient  evidence  of  the  general  fact  or  an  in- 
crease of  weight  may  be  obtained  by  the  following  very  simple  ex- 
periment. Fill  the  bowl  of  a  tobacco-pipe  with  iron  wire  coiled 
spirally,  and  of  known  weight;  let  the  end  of  the  pipe  l>e  slipped 
into  a  brass  tube,  which  is  screwed  to  a  bladder  filled  with  oxy- 
gen gas,  and  unite  the  two  by  slips  of  moistened  bladder,  bound 
down  by  pack-thread.  Then  heat  the  bowl  of  the  pipe,  and  its  con- 
tents, to  redness  in  the  fire,  and  force  through  it  a  stream  of  oxy- 
gen gas  from  the  bladder.  The  iron  wire  will  burn;  will  be  ra- 
pidly oxidized ;  and  will  be  found,  when  weighed,  to  be  consider^ 
ably  heavier  than  before. 

VI.  The  substances,  capable  of  uniting  with  oxygen,  afford  one 
or  other  of  the  following  products:  1st,  an  acid;  2dly,  an  alkali  or 
earth  ;  or  3dly,  an  oxide.  It  is  not  easy  to  give  precise  definitions 
of  these  three  classes  of  compounds.  Of  the  acids,  for  instance, 
there  are  some  which,  though  entitled  to  that  epithet  by  their  ge- 
neral qualities  of  chemical  combination,  are  not  sour  to  the  taste; 
and  others  which  do  not  redden  vegetable  blue  colours.  Nor  is 
oxygen  an  element  essential  to  the  acidity  of  a  compound,  for  some 
bodies  are  rendered  acid  by  union  with  chlorine,  and  others  b^ 
combination  with  hydrogen.  The  theory,  therefore,  which  consi- 
dered oxygen  as  the  essential  principle  of  acidity,  and  in  cqiiform- 
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ity  to  which  its  present  name  was  assij^ncd  to  it,  (from  ©Sif,  acid^ 
and  yiii-o/iat,  to  generate^)  can  no  longer  be  considered  as  correct.* 

Alkalis  and  earths  are  chiefly  distinguished  by  acting  as  base9^ 
with  v^ich  the  acids  combine,  with  the  loss  generally  oi*  the  sepa- 
rate characters  both  of  atid  and  base.  The  alkalis  are  soluble  in 
water,  and  change  some  vegetal)le  blues  to  green ;  and  the  earths 
are  either  not  soluble  at  all,  or  sparingly  soluble  in  that  fluid;  but 
in  the  quality  of  insolubility  they  agree  with  many  of  the  third 
class  of  compounds,  t*iz.,  oxides,  especially  with  those  derived 
from  the  metals,  which  also  serve  as  bases  to  the  acids.  Of  the 
phenomena  of  metallic  oxidation,  and  the  general  principles  de- 
duced from  them,  a  full  account  will  be  given  in  the  chapter  on 
Metals. 

In  many  instances,  a  combusti!)Ie  body,  which  aflbrds  an  acid 
when  united  with  a  certain  quantity  of  oxygen,  gives  an  oridt'  when 
combined  with  a  less  (juanlity;  and  the  acid  may  be  brought  back 
to  the  state  of  an  oxule  hy  separating  part  of  its  oxygen.  ^Ve 
have  examples,  also,  furnished  chiefly  by  a  few  of  the  metals,  in 
which  the  same  body,  combined  with  a  small  proportion  of  oxy- 
gen, gives  an  oxide  that  is  capal)le  of  acting  as  a  base  with  acids, 
and  of  composing  salts;  and  again,  the  same  metal  united  with 
more  oxygen,  yields  an  acid  which  is  susceptible,  with  alkalis  and 
earths,  of  forming  saline  coni])oiinds. 

VII.  Oji/i^cn  ga.i  supports  emitnnthf^  animalUfc. — It  will  be  found 
that  a  niousi',  a  biicl,  ()V  other  sjnall  iiiiinuiK  ^\ill  livt-  f(jiir  or  five 
times  longiT  in  a  xcsscl  oi"  o\y,^'i*ii  :<;is.  ihan  unulhtr  aiiiiiKi).  'jf-'i 
same  kind  and  size,  \\  ill  li\c  in  a  jar  of  ulnmsphorical  air  of  ti.e 
same  dinnMisions. 

VI II.  77/ /v  iffict  .sffj/ii  voihurfal  inlh  tin  ti'i>orptint}  of'  n.riij-tn  f  if 
the  blood, — I'ass  up  a  litth*  (liirk-roioiirrd  hlood  into  a  "k.i-  pi.r^i\ 
filled  witli  oWLCCTi  'as^  ai.d  stu'idiiMr  iwvv  v.wvcwvw  '\\\v  -l-.s  v -il 
be  in  part  al)s()rbe(l,  and  tin-  <"';ioui-  <>!'  tue  JL-od  will  he  .  l;.;!..:f.: 
to  a  bright  and  ilnrid  i-n!.  'I'b.is  <  h;.n':»'  lo  r< d  iiu.y  !)»•  ^:■.l»^\!^  1»\ 
putting  a  lilth'  );i(jod  into  a  roininoii  \i.il  tiilt'il  willi  o\\  .;»'ii  .;..^, 
and  shaking  it  in  co:iiart  with  the  teas. 


SIXTIOX  II. 

Of  Cfi/nrinr. 

('hlohink  was  discoven-d  by  S<h»'('h'  in  the  viar  \TT4,  arul.  iiii- 
der  thf  name  of  th phlo/jsthutt il  imtriur  arhK  was  first  cK'scribrd  l»v 
him  in  an  cxrcMrni  l.ssav  on  Maiiiramsr.  li  was  afterwards  iinu- 
cd  in  the    I'rem  h   wouwuclaUin'  oji/L^nintnl  or  'Kri/irniizni  hturii/i- 

•  LavoIsitT,  i])   fr:i:ninj;  tli     il<M'tiliu-  dt*  :ic'.!ti;'.;t;i»n,  lia>  !h'i  ;i  rlniy^  .J  v,  -.. 
too  hasty  a  j,'ciu  i:iIi/atloii.     'rl.;>  rli:i::,n    i^  „•  j,.„t  •   }',,,-  |„.  ,  xpus^lv  v.,v^,  *•  |?... 
when,  ll-om  |i.irtir<ilar  tart-,  tli»'  j^t  ni  r.il  iniiiiftmn  is  iiiMlr,  tli.iT  t.si,<^'n  ">  #/  '*r:-, 
eipk  (itmmim  to  nil arliit>^  thr  r(>n>c  (]ui  nci   .-  tl  mihIhI  mi  anaK>jj^\,  aiul  liPic  i:  ;> 
tliat  theory  commences."     (Ktrxvuii  nn  riil(»i^;;iion,  p.  ^u. ) 


ocid^  and  by  Or.  Pearaon  ozymurlflfie  mid,  &  nxma  gcncrkUy  re- 
ceive in  tmi  conniry,  tiU  luperteded  bj  that  which  it  now  almost 
utilfCTMllj  bearfc  The  >implest  itale,  in  which  we  are  able  to 
exabtine  iu  propertiei,  is  that  of  a  gaa. 

I.  Thlagutnar  be  formed  b^riuerof  the  following  processest 
Froceu  1.  By  the  action  of  liquid  muriatic  acid  npoa  peroxide 
of  manganeae.  The  proportituia,  aupporing  the  lubstances  to  be 
pure,  are  74  parta  ■■  2  atoma  of  real  acid,  and  44  parts  >»  I  atom 
of  peroxide  of  manganese,  which  last  ia  equivalent  to  1  atom  (36) 
of  protoxide  +  1  atom  of  oxygen.  Suppoaing  graina  to  be  taken, 
ST  graina  of  the  acid  are  decomposed  utoSO  gra.  of  chlorine  (^ 
about  27i  cubic  in.),  which  may  oe  collected  in  the  gaaepw  atatei 
and  1  gr.  of  hydrogen,  which  tahea  8  grs.  of  oxygen,  froni  the  per- 
oxide, and  forma  9  of  water.  The  atom  of  unilecompoaed  acid 
(37)  unites  with  the  atom  of  protoxide  of  manganese  (S6)  to  form 
73  of  protomuriate.  In  practice,  muriatic  acid  of  the  apeclfic  gr^ 
Tity  I.ISO,  or  thereabouts,  will  be  found  best  adapted  to  afford  chlo- 
rine gaa,  without  risk  of  the  materials  being  carried  over  by  effer* 
vescence.  Of  such  an  acid,  one  part  of  the  peroxide,  auppoaing 
it  pure,  will  require  rather  more  than  ten  parts;  but  three  or  four 
of  these  may  be  abated  for  the  impurity  of  the  manganese.  If  acid 
of  this  density  be  not  at  hand,  it  may  be  employed  of  any  other  sp. 
gr.,  calculating  by  the  Table  at  the  end  of  the  second  Tolume,  how 
much  muat  be  taken  as  the  equivalent  of  74  parts  of  real  muriatic 
acid. 

Process  2.  Grind  together  in  a  mortar  eight  ounces  of  chloride 
of  sodium  (common  salt)  with  three  ounces  of  finely-powdered 
peroxide  of  manganese ;  put  them  into  a  stoppered  retort,  and  pour 
on  them  four  ounces  of  sulphuric  acid,  which  have  been  diluted 

f)reviously  with  four  ounces  of  water,  and  aufTrred  to  cool  after  di- 
ution.  Or  the  theoretical  proportions  may  be  employed,  viz.,  60 
parts  of  chloride  of  sodium,  44  parts  of  oxide  of  manganese,  sul- 
phuric acid  (s.  g.  184B)  98  parts,  diluted  with  an  equal  weight  of 
water.  On  applying  a  gentle  heat,  which,  in  both  processes,  is  belt 
obtained  by  a  small  waicr-baih 
gradually  raised  to  212°  Fahr., 
gas  will  be  produced.  But  as 
the  gas  is  absorbed  by  contact 
with  cold  water,  though  not 
rapidly,  it  should  be  received, 
when  it  is  intended  to  be  kept, 
in  bottles  filled  with,  and  in- 
verted in,  water  of  the  tempe- 
rature of  80°  or  90°  Fahr.  and 
provided  with  accurately- 
ground  stoppers.  It  will  be 
found  also  much  to  diminish 
the  loss  of  gas  by  absorption, 
if  it  be  made  to  issue  fro 


r. 


bottle,  the  tube  of  which 
-         ly 
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sufficiently  long  to  reach 
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nearly  to  the  bottom  of  the  inverted  receiving  bolllc;  foBtfac  gtx 
is  thus  prevented  from  pna^ing  in  liuhbleM  throuKh  a  long  colamn 
of  water.  (See  the  annexed  cut.)  The  stopper  muM  be  introdaccd 
under  water,  while  the  receiving  buttle  remain*  quite  full  of  the 
gait,  so  that  »o  water  maj*  be  left  in  the  bottle,  ulong  with  the  gu. 
II.  Chlorine  gas  ha*  ihe  following  pro|>crtieii : 

(a)  It  has  a  yellowish  green  colour;  and  this  property  has  auf- 
gested  the  name  chlorine,  (From  x»*H"h  green.) 

(b)  It  has  a  pungent  and  suffocating  smcIL  In  expcrimeoa  on 
thl§  gas,  great  care  should  be  taken  that  it  does  not  escape,  in  any 
cnnsiderablc  c|uaniiiy,  into  the  apartinenti  fur  its  action  on  the 
lungi  is  extremely  painf\il  and  Iniuriouft.  When  this  accident  hu 
happened,  the  best  remedy  is  to  breathe  the  vapour  of  solution  of 
ammonia. 

(r)  It  is  heavier  than  common  air  (taking  the  statement  of  Gay 
Lussnc)  in  the  proportion  of  2.470  to  1,1)00  by  cxperimeal,  or  2.4816 
b]r  culeulation;  and  100  cubic  inches  should,  therefore,  weigh  75.39 
grains.  Sir  M.  Davy  found  them  to  weigh  between  76  and  77  grain*, 
at  a  mean  temperature  and  pressure,  the  latter  of  which  number* 
would  make  its  specific  gravity  3.5083.  Dr.  Thomson  fL\cs  Its  sp. 
gr.  at  2.50D,  which,  taking  his  siatemcnt  of  the  sp.  gr.  of  hydrogen 
la  be  correct,  vie,,  0.069-4,  would  make  it  36  times  the  weight  of 
hydrogen.  He  has  shown,  also,  that  Gay  Lusaac's  result,  if  correct- 
cd  for  the  presence  of  moisture,  comes  as  nearly  as  can  be  expect- 
ed to  the  same  number,  vi:.,  to  2.507.  (First  Prin.  of  Chem.  L 
79.) 

{d)  When  chlorine  gas  is  luddmly  and  considerably  condensed  by 
mechanical  pressure,  not  only  heat  is  evolved,  as  from  all  other 
gases,  but  light  also;  a  property  peculiar  to  this  gas  and  to  oxygen, 
at  least  among  the  simple  gases. 

(e)  It  is  not  changed  by  being  transmitted  through  ignited  porce- 
lain tubes,  nor  by  a  succession  of  electrical  discharges  through  it; 
a  fact  strongly  confirming  the  opinion  of  its  being  a  simple  body. 

(/)  When  a  burning  taper  is  introduced  into  a  vessel  of  chlorine 
gas,  the  Hame  becomes  red,  a  dense  smoke  arises,  and  the  taper  is 
Boon  extinguished.  Phosphorus,  however,  takes  fire  the  moment  it 
is  introduced,  and  burns  vehemently;  and  many  of  the  metals,  when 
brought  in  a  finely-divided  state  into  contact  with  the  gas,  exhibit 
a  brilliant  combustion. 

(g)  It  is  not  at  all  acted  upon  by  oxygen  gas,  but  with  hydrogen 
gas  a.  remarkaU*  series  of  phenomena  takes  place,  which  will  be 
described  in  tAtlIng  of  hydrogen. 

(A)  Chlorine  gas,  in  its  ordinary  state,  destroys  all  »egetable  co- 
lours. This  may  be  shown  by  passing,  into  the  gas  confined  by  wa- 
ter, a  piece  of  paper  stained  with  lUmus,  the  colour  of  which  will 
immediately  disappear.     Hence  the  application  of  this  gas  to  the 

Eurposc  of  bleaching;  its  power  of  effecting  which  may  be  shown 
y  confining,  in  the  gas,  a  pattern  of  unbleached  calico,  which  has 
been  previously  boiled  in  a  weak  solution  of  caustic  potassa,  and 
then  washed  in  walcr,l>ut  not  dried.  Chlorine  ^as,  however,  which 
ha*  been  carefully  dried  by  solid  chloride  of  calcium,  and  into  which 
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perfiectly  diT  fitmur  paper  is  introduced,  produces  no  change  of  co- 
lour in  the  mmusy  a  proof  that  iu  hteachuig  power  depends  on  the 
preacfce  and  decomposition  of  water» 

(j)  This  gas  is  absorbed  by  water;  slowly,  if  allowed  to  stand 
over  it  qniescent,  but  rapidly  when  agitated. 

1.  The  best  method  or  effecting  the  impregnation  of  water  with 
this  gas,  is  by  means  of  a  Woulfe's  apparatus,  the  bottles  of  which 
should  be  surrounded  by  cold  water.  The  quantity  of  the  gas,  which 
water  is  capable  of  absorbing,  appears,  from  the  concurrent  tes- 
timony of  iJavy  and  Dalton,  to  be  twice  lis  bulk.  The  former  has 
remarked  that  water,  apparently  saturated  with  chlorine  by  agitar 
tion  with  it  in  a  yarrow  vc««el,  takes  up  a  farther  portim'  of  the 
gas  when  exposed  with  a  broad  surface. 

2.  The  watery  solution,  if  perfectly  free  from  common  muriatic 
acid,  has  not  the  taste  of  an  acid,  but  an  astringent  one.  Its  purity 
from  muriatic  acid  may  be  ascertained  by  a  solution  of  nitrate  of 
mercury,  which  is  not  precipitated  by  pure  chlorine. 

S.  The  watery  solution  has  the  colour  and  peculiar  smell  of  the 
ns,  and  has  a  similar  property  of  discharging  vegetable  colours. 
Hence  it  may  be  employed  in  bleaching. 

4.  When  the  watery  solution  of  chlorine  is  exposed  to  a  tempe- 
rature  only  a  little  above  that  of  freezing  water,  the  gas,  which  is 
combined  tnth  it,  separates  in  the  form  of  a  liquid,  heavier  than 
water. 

5.  Chlorine  is  not  altered  by  the  temperature  of  boiling  water; 
for  its  solution  may  be  raised  in  distillation,  and  again  condensed 
without  change. 

6.  When  the  solution  of  chlorine  in  water  is  exposed  to  the  direct 
rays  of  the  sun,  oxygen  gas  is  obtained,  and  the  chlorine,  attract- 
ing hydrogen  from  the  water,  passes  to  the  state  of  muriatic  acid. 
Placed  in  the  current  of  the  electric  fluid,  the  chlorine,  and  the  oxy- 
gen of  the  water,  arrange  themselves  at  the  positive,  and  the  hydro- 
gen at  the  negative  pole. 

{k)  By  a  temperature  of —  40**  Fahr.  chlorine  is  reduced  into  a 
liquid  form,  and  is  condensed  on  the  sides  of  the  vessel.  But  if  the 
gas  be  previously  dried  by  exposure  to  fused  chloride  of  calcium, 
it  bears  the  most  intense  artificial  cold  without  condensation.  (Davy, 
PhiL  Trans.  1811.  p.  30.) 

Hydrate  of  Chlorme. 

When  a  receiver,  filled  with  this  gas,  not  afpKlally  dried,  is 
surrounded  by  snow,  or  pounded  ice,  a  crystalline  solid  of  a  yel- 
lowish colour  is  formed  on  its  inner  surface,  resembling,  in  its  rami- 
fications, the  ice  which  is  deposited  on  the  surface  of  windows  dur- 
ing a  frosty  night.  By  a  moderate  increase  of  heat,  such  as  lo  50® 
Fahrenheit,  this  solid  melts  into  a  yellowish  oily  liquid,  which,  on 
a  further  elevation  of  temperature,  passes  to  the  state  of  a  gas. 

The  crystals  may  be  best  obtained  by  introducing,  into  a  clean 
bottle  of  the  gas,  a  little  water,  but  not  enough  to  convert  the  whole 
into  hydratct  and  then  exposing  the  bottle  for  a  few  days  to  a  tern. 
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persturc  at  or  below  freedng,  in  a  ttai'k  place-  A  »oli<1  litfdratt  pf 
chlorine  is  formeil,  which,  id  a  day  or  iwo,  Kublimm  and  xhoqii  in- 
to tlclicatc  prismatic  necrilc*,  extending  from  half  aii  inch  to  l*o 
inches  into  the  atmosphere  of  tlie  buttle.  They  appear  to  have  a 
fljKciiic  gravity  rather  exceeding  1.2. 

When  these  crystals  are  put  into  alcohol,  they  increase  its  tem- 
perature 8°  or  W,  a  rapid  action  takes  place,  and  much  ether  anil 
muriatic  acid  are  formed,  with  a  small  proportion  of  a  triple  com- 
pound of  chlorine,  hydrogen,  and  carbon.  They  decoDipoM:  the 
solutions  of  ammoniacal  salts,  from  which  Ihey  liberate  nitrogen 

S:ns.  At  the  same  time,  muriatic  acid  and  chloride  of  nitrogen  aK 
armed. 

By  prccipiialing  with  nitrate  of  silvier  a  known  weight  of  tlA 
crystals,  made  as  dry  as  possible  and  then  dissolved  in  water,  Mr. 
Faraday,  to  whom  we  owe  these  interesting  facts,  obtained  pro- 
portions  of  chloride  of  silver  indicating  the  crystallised  hydrato  to 
consist  of 

Chlorine 87.7 

Water 72.3 

100. 

This  nearly  accords  with  ten  atoms  of  water  to  one  of  chlorine, 
giving  for  Uie  equivalent  of  the  hydrate  90  +  36  ■»  1S6. 

A  portion  of  the  solid  and  dried  hydrate  was  put  into  a  small 
heiii  tuW,  which  was  hermetically  se:.li.i.  n,i  Juin;;  h,.,uil  to  ino", 
:i  yelJoiv  vjjjoui' forjiied,  which  i:oiiiJL'jiii.i]  ju  ijii,  i,uul  jj-..  1  ol"  the 
tube  into  two  lluid  substances;  the  one,  about  three-fourihs  of  the 
whole,  was  of  a  faint  yellow  colour,  having  very  much  the  appear- 
ance of  water  J  the  remaining  fourth  was  a  heavy  bright  yellow 
fluid,  lying  at  the  bottom  of  the  former,  without  any  apparent  ten- 
dency to  mix  with  iL  These  two  fluids  it  was  found  easy  to  sepa- 
rate from  each  other  by  careful  distillation,  and  when  allowed  to 
cool,  neither  of  them  solidified  at  temperatures  above  34°,  and  the 
yellow  portion  not  even  at  0°.  At  temperatures  below  60°,  the  two 
fluids  united,  and  formed  the  same  solid  as  that  first  submitted  to 
experiment.  If,  when  the  fluids  were  separated,  the  tube  was  cut 
in  the  middle,  the  parts  flew  forcibly  asunder,  and  the  whole  of  the 
vellow  portion  disappeared,  emitting  a  strong  smell  of  chlorine; 
but  the  pale  fluid  remained,  and  proved  to  be  nuthint;  more  than  a 
weak  solution  of  chlorine  in  water,  with  a  little  muriatic  acid,  pro- 
bably an  impuritjr  of  the  gas.  When  the  portion  of  the  tul>c,  con- 
taining the  yellow  Ufiuid,  was  broken  under  a  jar  of  water,  chlorine 
immediately  rose  into  it  in  a  gaseous  stale. 

In  these  experiments,  hydrate  of  chlorine  had  been  separated  by 
heat  into  water  still  impregnated  with  a  little  chlorine,  and  pure 
chlorine  which,  by  the  mere  pressure  of  its  own  abundant  vapour, 
had  assumed  the  liquid  form  ;  and  it  was  found  that  chlorine  gas 
artificially  dried,  might  be  liquefied  by  strong  mechanical  pressure. 
It  was  perfectly  limpid  and  excessively  volatile  at  common  tempe- 
ratures. It  continued  fluid  at  0°  V.;  and  when  the  tube  was  cut, 
a  pari  flew  off,  leaving  the  rest  so  cooled  by  evaporation,  that  it  re- 
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maiaed  a  HquidL    The  specific  grarity  of  this  liquid,  as  nearly  as 
it  epuld  be  approximated,  was  found  to  be  1.33.     (PhiL  Tran^ 

Chlorine  is  susceptible  of  combination  with  various  other  bodies, 
and  the  compounds  possess^  in  many  instances,  remarkable  proper- 
ties. At  present  we  shall  describe  those  only  which  result  from  tlie 
union  of  chlorine  with  oxygen. 

Art.  1. — Protoxide  of  Chlorine,  or  Huchlorine. 

When  chlorate  of  potaMk  (a  salt  which  will  be  afterwards  de^ 
■cribed)  is  distilled,  at  ^^fetle  heat,  with  muriatic  acid  dilutdt 
S^ith  an  equal  volume  of  water,  a  gas  may  be  collected  over  mer- 
.>cury,  which  is  found  to  differ  essentially  from  chlorine.  For  pro- 
ducing the  g^s.  Professor  Silliman  prefers  placing  the  materials  in 
a  small  glass  flask,  furnished  with  a  tube  bent  twice  at  right  an- 
gles,  and  passing  to  the  bottom  of  any  clean  dry  phial,  flask,  or 
tube,  rather  deep  and  with  a  narrow  neck.  A  gentle  heat,  applied 
beneath  the  flask,  soon  disengages  the  euchlorine  gas,  which,  by 
its  great  weight,  displaces  the  common  air  from  the  recipient,  and 
takes  its  place.  By  using  tongs  properly  curved,  so  as  to  embrace 
the  pluals  or  tubes  filled  with  the  gas,  the  operator  may  perform 
all  the  necessary  experiments,  without  danger  of  causing  an  explo- 
sion by  the  warmth  of  the  hands.  (Amer.  Joum.  vi.  165.)  The 
colour  of  the  gas  has  a  dense  tint  of  brilliant  vellow  green;  and  its 
smell  resembles  that  of  burnt  sugar,  mixed  with  the  peculiar  smell 
of  chlorine.  Water  takes  up  eight  or  ten  times  its  volume,  and  ac- 
quires an  oranc^  tint.  It  has  been  called  by  its  discoverer.  Sir  H. 
Davy,  Euchlonc  gas^  or  simply  EucUorine.  (Phil.  Trans.  1811.) 
Gay  Lussac  has  proposed  for  it  the  name  of  Oxide  of  Chlorine;  but 
it  may,  with  more  propriety,  be  called  Protoxide  of  Chlorine. 

By  producing  euchlorine  in  strong  glass  tubes  hermetically  seal- 
ed, the  unoccupied  end  of  the  tube  bemg  cooled  to  ()**  F.,  Mr.  Fa- 
raday obtained  it  in  the  form  of  a  very  transparent  liquid,  of  a 
deep  yellow  colour,  which  was  suddenly  and  violently  converted  in- 
to gas  on  relieving  it  from  pressure.    (Phil.  Trans.  1823,,  p.  194.) 

Euchlorine  gas  explodes  by  a  gentle  heat,  applied  to  the  vessel 
which  contains  it,  and  five  parts  in  volume  become  six,  consistiiig 
of  a  mixture  of  oxygen  and  chlorine  gases,  in  such  proportions 
that  euchlorine  must  be  composed  of  two  in  volume  of  chlorine 
and  one  of  oxygen,  the  latter  being  condensed  inlo^half  its  bulk,  or 
by  weight  of  •  *^ 

Chlorine    -    -     -     -     36 
Oxygen      -     -    -     -      8 

44 

These  proportions  indicate  that  euchlorine  is  constituted  of  one 
atom  of  chlorine  =>  36,  +  one  atom  of  oxygen  >»  8,  and  hence  its 
atom  must  weigh  44. 

When  detonated  with  twice  its  volume  of  hydrogen  gas,  there 


I 


or  KLEtrrKO-h-xoATive  rodikk.  ohak  n. 

ii  a  condensation  of  more  than  two-thirds  of  the  mixture,  andliquU 
inuHaiic  acid  is  formed. 

Mercury  has  no  aciiou  on  cuchlorinc  at  common  li-mpcrtftiKes. 
Antimony  and  copper  burn  it,  if  introduced  previously  heated. 
Sulphur  and  phosphorus  decompose ii;  and  charcoal  already  ignit- 
ed  bums  in  h  with  &  dull  red  light  Nitrous  gas  condcnMs  it  with 
red  fumes. 

Euchlorine  destroys  vegetable  colours;  but  it  first  gives  the  blue 
a  tint  of  red. 

In  most  cases  of  vivid  combustion,  there  is  a  condensation  of  the 
■bodies  wjiich  unite;  but, in  the  dccompQiition of  euchlorine  by  heat, 
Ire  hare  the  remarltabic  phenomenonvran  explosion,  acconipunicd 
with  heat  and  light,  and  yci  with  un&ipausian  of  the  elements^ 
which  arc  separated  from  each  oilier. 

Aht.  2. — Peroxide  of  C/UoriM. 

Another  compound  of  chlorine  and  oxygen,  containing  k  larger 

Eroporliun  than  euchlorine  of  the  latter  dement,  was  discovered 
y  Sir  H.  Davy,  (Phil.  Trans.  1815,  part  2.)  and  has  since  been 
tnadc  the  subject  of  a  series  of  experiments  by  Count  Stadion  of 
Vienna.  (Thomson's  Annals,  ix.  22.)  As  it  exhibits  no  acid  pra- 
pcrties,  it  may  be  called  peroxide  of  chlorine,  a  name,  it  appears  to 
me,  preferable  to  that  of  daUoxide  or  Iriloxutt,  which  have  slao 
been  applieil  to  it,  because  intermediate  compounds  will  nroba- 
bly  be  discovered  between  this  oxide  and  (he  protoxide  already 
described. 

To  procure  It.  :10  or  (10  ^rciitis  of  llie  p.>wdof.;d  clibrate  of  po- 
tassa  ui-L-  to  )k-  ui\;i  1  n\-\:  ..  mk.''j  iju  .rri-v  ■  i"  ■  ..n..  ;.:■.!;.  -]  -.uliiliu- 
ric  acid.      VV'jicu  iiiuruui;iu}  1IIL.UI  jiui  uicu,  u  ^suiiii  iiiuss  niii  insult 

of  a  bright  orange  colour.  This  is  lo  be  intrtiduced  into  a  small 
retort  of  glass,  which  is  to  be  exposed  to  the  heat  of  water  gradu- 
ally warmed,  but  prevented  from  attaining  the  boiling  point  by  an 
admixture  of  spirit  of  wine.  Count  Stadion  obtained  it  by  pouring* 
over  a  small  quantity  of  chlorate  of  potassa  fused  in  a  retort,  some 
concentrated  sulphuric  acid,  and  exposing  the  retort  to  water  for 
three  hours,  gradually  raising  its  temperature  to  212°.  The  gas 
may  be  received  over  mercury,  on  which  it  has  no  ^ction  at  com- 
mon temperatures. 

It  has  a  lively  yellow  colour,  much  more  brilliant  than  that  of 
euchlorine;  is  much  more  rapidly  absorbed  by  water;  and  has  a 
peculiar  aromatic  smell,  not  mixed  with  any  smell  of  chlorine.  Ac- 
cording to  Davy,  it  destroys  vegetable  blue  colours,  without  6r»t 
reddening  ihcm;  but  Count  Stadion  asserts  that  it  docs  not  change 
blue  paper.  When  heated  to  about  the  temperature  of  212°  Fahr., 
or,  according  to  Count  Stadion,  to  between  112°  and  114°,  it  ex- 
plodes with  more  violence,  and  a  greater  expansion  of  volume,  than 
euchlorine,  producing  much  light.  After  explosion  over  mercury, 
from  iJ  to  2.9  volumes  appear,  for  every  two  of  gas  decomposed; 
and,  of  these,  two,  as  Count  Stadion  also  admits,  are  oxygen,  and 
the  rest  chlorine.    A  little  chlorine  is  absorbol,  however,  by  the 
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mercury,  and  it  is  reasonable,  Sir  yi.  Davy  thinks,  to  conclude  that 
the  deep  yellow  gas  is,  in  reality,  composed  of  two  in  volume  of 
oxygen,  and  one  of  chlorine,  condensed  into  two  volumes.  If  this 
be  correct,  the  gas  must  be  a  auadroxidtf  consisting  of  one  atom  of 
chlorine  36,  and  four  atoms  of  oxygen  32,  and  its  atom  will  weiffh 
68.  But  if,  as  Count  Stadion  asserts,  it  gives  two  volumes  of  chlo- 
rine and  three  of  oxygen,  it  should  consist  of  one  atom  of  chlorine 
and  only  three  of  oxygen.  It  is  doubtful,  indeed,  whether  the  gases, 
obtained  by  these  philosophers,  really  constitute  two  distinct  spe- 
cies, or  are  mixtures  of  cuchlorine  and  the  peroxide  of  chlorine  in 
various  proportions. 

It  is  not  decomposed,  at  common  temperatures,  by  any  com- 
bustible body,  except  phosphorus,  which  occasions  an  explosion 
when  introduced  into  it,  and  burns,  in  the  liberated  gases,  with 
great  brilliancy. 

Its  saturated  solution  in  water,  which  contains  seven  volumes  of 
gas,  is  of  a  deep  yellow  colour.  It  docs  not  taste  sour,  but  extreme- 
ly astringent  and  corroding;  and  it  leaves  on  the  tongue  a  disa- 
greeable and  lasting  impression.  The  solution  may  be  kept  in  the 
dark  unchanged,  but,  when  exposed  to  the  sun's  rays,  it  is  decom- 
posed, and  chlorine  and  chloric  acid  are  obtained. 

Art.  3. — Chloric  jScid. 

A  third  compound  of  chlorine  and  oxygen  was  pointed  out  by 
Mr.  Chencvix,  some  time  before  it  was  obtained  in  a  separate 
form,  as  existing  in  the  class  of  salts  called  by  him  hyper-oxymu- 
riates,  now  termed  Morales.  For  the  method  of  exhibiting  it  in  a 
distinct  state,  we  are  indebted  to  Vauquelin  (Ann.  de  Chim.  xcv. 
102)  and  Gay  Lussac  (Ibid.  xci.  111).  The  following  is  the  process: 
To  a  solution  of  pure  chlorate  of  baryta  (the  mode  of  preparing 
which  will  be  described  chap.  ix.  sect.  5,)  add  by  degrees  dilute 
sulphuric  acid,  as  long  as  it  occasions  any  precipitation.  This 
separates  the  baryta,  and  leaves  the  chloric  acid  combined  with 
water  only.  It  is  important  to  add  no  more  sulphuric  acid  than  is 
barely  sufficient;  for  the  slightest  excess  renders  the  chloric  acid 
impure.  If  the  right  quantity  has  been  used,  the  liquid  obtained 
should  remain  perfectly  transparent,  when,  taking  two  separate 
portions  of  it,  we  add  to  the  one  dilute  sulphuric  acid,  and  to  the 
other  chlorate  of  baryta.  If  either  of  these  agents  occasions  a  pre- 
cipitate, we  must  add  it  by  degrees  till  the  effect  ceases.  The  clear 
liquid  is  then  to  be  decanted  by  a  syphon,  and  reserved  for  use. 
It  is  a  solution  of  chloric  acid  in  water;  and  has  the  following  pro- 
perties. 

1.  It  is  free  from  colour ;  its  taste  is  acid  and  astringent ;  and  its 
smell,  when  concentrated  and  a  little  heated,  is  moderately  pungent. 

2.  It  reddens  the  infusion  of  litmus.  Paper  stained  with  litmus, 
though  it  does  not  immediately  lose  its  colour,,  yet  is  deprived  of 
it  in  a  day  or  two  if  left  in  the  liquid ;  or  more  rapidly  if  taken  out 
of  the  liquid  and  exposed  to  the  air,  in  consequence  of  the  solution 
becoming  more  concentrated. 
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S.  It  (Iocs  not  precipitate  t-ithcr  silver,  mercury,  or  had,  {rmb 
nitric  scid. 

4.  It  19  volatilized  by  heat,  but  not  vrithout  a  purtiul  ilecomiKMi- 
tion  into  chlorine  nnd  oxygen.  Hence  it  afterwards  precipilntcs 
the  nilrnte  of  silrar. 

3.  Muriatic  ftcid  decomposes  it,  and  both  ftcids,  if  mixed  In  JHit 
ptoporttonst  arc  changed  entirely  into  chlonhc. 

6-  Chloric  acid  is  decomposed,  alio,  by  Milphurcied  hydrogm 
ftnd  by  sulphurous  acid.  In  the  first  cane,  chlorine  and  nulpbnr 
Arc  separated,  and  water  U  formed.  In  the  secund,  sulphuric  acid 
Is  formed,  and  chlorine  set  al  UhLityji  None  of  the  acids,  whlcb 
■re  saturated  with  oxygen,  have  anyJOUon  on  chloric  ucid. 

7.  AH  the  metals  that  arc  t-npublc  ofwcomponinft  water,  decani- 
pose  also  the  chloric  acid,  and  afford  cumpuunds  of  chlonne  with 
a  metallic  oxide. 

Acconling  to  ibc  experiments  of  Vauquclin,  chloric  acid  is  coin- 
posed  of 

Chlorine     -    -     -     -     S.i     •     -    •    -     S6 
Oxygen      ....     65     ...     -    0tL83 

100 
This  dcterminalion  differs  malcrialty  from  that  of  Gay  Lu»ac 
according  to  whom  33.Stl4  oxygen  convert  211.924  chlorine  into 
chloric  acid,  and  hence  it  should  be  composed  of 

Chlorine     -    -    -     -     47.3     ....     56 
Oxy^-n      ....     52.7     .    .     .     •     40.21 

100. 

The  result  obtained  by  Gay  Lussac  is  by  much  the  more  proba- 
ble of  the  two.  It  would  make  the  chloric  acid  consist  of  one  atom 
-  of  chlorine  +  5  atomsof  oxygen  (together  =76),  while  Vauquelin's 
numbers  indicate  no  lets  than  8  atoms  of  oiygen. 

It  is  proper,  howCver,  to  add  that  the  existence  of  a  simple  coin, 
bination  of  chlorine  and  a:iygcii  has  been  disputed  by  Sir  M.  Davy, 
who  considers  the  liquid  obtained  by  Gay  Lussac  as  constituted  of 
two  proportions  (atoms)  of  hydrogen,  one  of  chlorine,  and  six  of 
oxygen.  To  this  the  latter  philosopher  has  replied,  that  the  hy- 
drogen is  not  an  element  of  the  acid  itself,  but  of  water,  with  which 
the  acid  is  uniied,  as  is  the  case  with  liquid  sulphuric  and  nitric 
acids.  The  reader  who  takes  an  interest  in  this  controversy  is 
referred  to  the  first  volume  of  Annales  de  Chimie  et  de  Physique, 
or  to  the  Quarterly  Journal  of  Science,  The  argument  for  the  ex- 
istence of  hydrogen  in  certain  acids,  as  an  essential  and  acidifying 
principle,  and  not  as  a  constituent  of  water,  has  been  ably  support- 
ed by  Dr.   Murray,  in  the  Edinburgh  Philosophical  Transactions. 

We  are  not  acquainted  with  any  compound  of  chlorine  and  oxy- 
gen that  can  l>e  entitled  to  the  name  of  eldoroua  acid,  lierzeltus  is 
induced,  chiefly  by  analogical  arguments,  to  believe  in  the  exist- 
ence of  such  an  acid,  and  that  it  is  the  first  in  order  of  the  products 
wtiicli  arc  furmed,  when  we  transmit  a  current  of  chlorine  through 
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caustic  alkaline  liquors.    At  present,  however,  it  is  purely  hypo- 
thetical.   (See  Ann.  de  Ch.,  June  1828.) 

Art.  4. — Perchloric  Add. 

In  obtaining  peroxide  of  chlorine  by  Sir  H.  Davy's  or  by  Count 
Stadion's  process,  a  peculiar  salt  is  formed,  which  was  first  noticed 
by  the  latter  philosopher.  It  is  mixed  with  bisulphate  of  potash, 
which  may  be  separated  by  a  second  crystallization,  and  the  pecu- 
liar salt  then  appears  in  octohedral  crystals.  It  requires  55  times 
its  weight  of  water  at  60°  for  solution,  but  dissolves  freely  in  boil- 
ing water.  In  alcohol  it  is  quite. insoluble.  When  distilled  with 
an  equal  weight  of  sulphuric  acid,  at  a  temperature  of  280^  Fahr., 
it  is  decomposed ;  and  an  acid  (of  whose  properties,  however,  we 
have  not  a  distinct  account)  may  be  distilled  over.  When  the  salt 
is  distilled  alone  at  412®,  it  is  converted  into  chloride  of  potassium 
and  oxygen  j^as,  in  the  following  proportions.  One  hundred  parts 
by  weight  afibrd 

Chloride  of  potassium     -    -     ^4.08  comaining  $|^^^P^J^®?^^ 

Oxygen 45.92 

100. 

Hence  it  appears  that  25.59  chlorine  are  united  with  40.21  oxy- 
gen (5.ri  oxygen  being,  in  the  original  suit,  united  with  the  potas- 
sium), which  is  nearly  in  the  proportion  of  SO  clilorine  to  56  oxy- 
gen. Terchloric  acid  will  therefore  consist  of  one  atom  of  chlorine 
=  56,  united  with  seven  atoms  of  oxygen  =  56;  and  the  weight  of 
its  atom  will  be  92. 

Recapilithttion, 

Wc  have  thus  four  well-ascertained  compounds  of  chlorine  and 

oxygen,  of  which  the  following  table  exhibits  a  concise  view. 

Volumes  of 
Chlor.  Oxyg. 

1st.  Protoxide  of  chlorine 2+1 

2(1.  Peroxide 1  +  2 

3d.  Chloric  acid    -----------1  +  2.5 

4th.  Perchloric  acid    ----------1  +  3.5 


SECTION  III. 

Of  Iodine^  and  its  Coin/H)wuls  with  Oxygen  and  CMorint, 

Iodine  was  disroven»d  accidentally,  about  the  beginning  of  the 

year  IH12,  by  M.  Courtoi-s,  a  manufacturer  of  saltpetre  at  Paris. 

Ill  the  processes  for  procuring  soda  from  the  ashes  of  sea-weeds^ 

he  found  his  metallic  vessels  much  corroded;  and  in  searching  for 

Vol.  I.  C  c 


or  Bttent»«MEinra  lODies. 


^  new  wil^ 

E  giT«  to  HBlL  Dm  ma  Ulement,  who  read  a 

lir  upon  iti  It  a  ;  oi  the  InsiUuie  of  France,  in 

lUptO)  nbiaat' 


1  bjr  Vntquc      v?v  a)  i.dc  Chim.  306);  by  Gay 

■  -•  :  j^ir"  "    -     

laultier  de  CUvbry  i 
.  Ml      ) 


KC  (91'li«i.(leChlm.)i  by  SirH.  Daif  (I'hii.  Trans.  1&14); 
br  Oaultier  de  CUvbry  and  CoUa  (90,  91,  and  93  Ann.  dc 


I  all  the  soda  haa  bCcn'  sepatated  bf  vry  ^i-AVyauon  Troin  a 
'     ai     ti<     rf'kelporbariUaror.fraaD  thalerof  I  i|.    .1  :  ,  i  ii<<-  pUou, 

ui      i4      > mbmal alkali, tbo r        ■ry'i;  ^i' pr«- 

e  UM       irom  it,  mMf  be  Uixti  t        peroxide  of  mangaacMk  ^^ 

c  I  sulphnric  add  be  »  upon  the  inixturc,-iB  a*m- 

%      lu      tned  with  a  receiver.  1       iw  oe  paMca  iMto  the  l«oei«ctv 

mnaeruiefonn  of  beautiful  violet'  ra,  vliicb  affrcond^Hidi* 

etyatalline  platea,  having  the  i       ci  oi  plumtwgo^    To  pnUf  fet 

from  the  redundant  acid  that  d       s  overwith  it,  the  iodine  Bay  be  - 

r^disdlled  from  water,  containing  a  very  small  qnandtyof  ^otMM* 

jm^aSiemrdt  diied  by  pressing  it  between  fotds  of  Uottin^ par 

^^&*    It  is  now  manufactured  largely  for  meillRinal  oae^  and  Bay    ' 

'V  purchased  at  a  reasonable  price. 

■Omtral  Pn^iertita. — Iodine  is  a  solid,  at  tlie  ordisarr  temperalare 
ofthe  atmosphere.  It  is  often  in  scales,  resemUing  Uiose  of  nka- 
ceosairon  ore;  tomedmesin  large  and  brilliant  riiomboidal  plalBat 
and  occasionally  in  elongated  octahedrons-t  lis  colour  is  blaish 
black;  its  lusti-c  metallic;  it  is  soft  and  friable^  and  may  easily  be 
rubbed  to  a  fine  powder.  Its  taste  is  very  acrid,  though  it  is  spat<- 
ingly  soluble  tu  water,  which  does  not  take  up  above  one  TOUOth 
part  of  its  weight,  and  it  is  poisonous  if  taken  in  a  large  dose.  Its 
specific  gravity,  at  60°  Fahrenheit,  is  4.946.  When  in  large  octa* 
hedral  crystals,  Dr.  Thomson  found  it  to  be  3.0884.  It  is  a  non- 
conductor of  electricity;  and  possesses  in  a  high  degree  the  elec- 
trical properties  of  oxygen  and  chlorine,  being  determined  to  the 
positive  pole  of  a  galvanic  arrangement.  When  applied  to  the 
skin,  it  produces  a  yellow  stain,  but  this  disappears  as  the  iodine 
evaporates. 

Iodine  is  fusible  at  245°  Fahrenheit,  and,  under  the  ordinary 
pressure  of  the  atmosphere,  is  volatilized  at  a  temperature  some- 
where near  550°,  forming  u  vapour  125  times  denser  than  hydro* 
gen.  Gay  Lussac  calculated  the  specific  gravity  of  this  vapour, 
compared  with  uir,  to  be  8.678;  and  Dumas,  by  actual  experiment, 
finds  it  to  be  8.716  (Ann.  de  Ch.  et  de  Fh.  xxxiii.  348).  Its  colour 
is  a  beautiful  violet,  and  hence  its  name  (from  UA^t,  violaccus.)  Its 
powers  as  a  re-agent,  to  be  noticed  in  the  sc<iuel,  are  fully  describ- 
ed by  D'Arcet  and  Chevrcul,  in  the  Ann.  de  Ch.  ct  de  Fh.,  May 
1828. 

7%e  atormc  weight  of  ioditu  may  be  deduced  from  the  specific 

*  MoK  minute  directiani  for  its  prepantioD  ire  ftiven  in  the  Phil.  Mar.  iL 
ir,UI,snd209,  iiidbyIlf.Ure,inT«LL  *  ^ 

-    TJfc  WollMon  hu  icssribed  the  finn  of  iu  ctvital  la  T 
tar,   •MslwJain.sf  |pteuec^(>c  V.  364. 
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gravity  of  its  vapour  compared  with  that  of  hydrogen,  and  from 
the  fact  that  its  vapour  unites  with  hydrogen  in  equal  volumes, 
forming  a  compound  gas  in  which  there  is  no  condensation  of  ele- 
ments. In  this  respect  it  resembles  chlorine.  Now,  if  we  consider 
half  a  volume  of  oxygen  =  1  atom,  wc  may  substitute  a  volume  of 
chlorine  gas  for  an  atom  of  chlorine,  and  a  volume  of  vapour  of 
iodine  for  an  atom  of  iodine.  But  the  specific  gravity  of  vapour 
of  iodine,  deduced  from  Dumas's  experiment,  is  to  that  of  hydrogen 
gas  as  125.66  to  1,  and  from  the  analysis  of  hydriodic  acid  gas,  as 
125  to  1.  From  less  direct  and  more  elaborate  methods.  Dr.  Thom- 
son deduces  the  number  representing  iodine  to  be  15.5,  oxygen 
being  unity,  equivalent  to  124  when  hydrogen  is  taken  as  1,  a  num- 
ber fixed  upon  by  Dr.  Prout  from  other  considerations.  (First  Princ. 
of  Chem.  i.  92.)  It  can  be  of  little  consequence  at  present  which 
number  we  adopt,  the  difference  between  them  being  so  small, 
that  it  would  require  experiments  of  the  greatest  nicety  to  deter- 
mine which  of  them  is  strictly  correct. 

Art.  1.— /ocfinc  and  Oxygen. 

Action  of  Oorygfn.— Iodine  undergoes  no  change  by  being  heat- 
ed  in  contact  with  oxygen  gas,  or  with  chlorate  of  potassa.  By 
the  intervention  of  protoxide  of  chlorine,  however,  iodine  admits 
of  being  combined  with  oxygen,  and  it  then  furnishes  a  peculiar 
acid. 

Action  of  Protoxide  of  Chlorine. — When  iodine  is  exposed  to  eu- 
chlorinc.  Sir  H.  Davy  has  discovered  that  there  is  an  immediate 
action ;  its  colour  changes  to  bright  orange ;  and  a  liquid  is  form- 
ed. (Phil.  Trans.  1815,  part  2.)  By  the  application  of  a  gentle 
heat,  the  orange  compound  of  chlorine  and  iodine  is  expelled,  and 
a  compound  o(^  oxygen  and  iodine  remains.  This  substance  is  a 
white  semi-transparent  solid,  volatile  at  456''Fahr.;  it  has  no  smell, 
but  a  strong  astringent  sour  taste.  Its  specific  gravity  is  such,  that 
it  sinks  in  sulphuric  acid. 

When  decomposed  by  heal  in  a  pneumatic  apparatus,  it  is  re- 
solved into  oxygen  gas  and  pure  iodine;  and  it  is  therefore  termed 
by  Sir  H.  Davy,  oxt/lndine ;  by  CJay  Lussac,  ande  iodujuc  antiydre.* 
Thirteen  grains  afford  9.25  cubical  inches  of  oxygen  gas,  =  :3. 14 
grains.     Hence  it  is  composed  of 

Iodine     -     -     -     75.  Sj     -     -     1(K).         -     -     314.8 
Oxygen-     -     -     24.15     -     -       31.84     -     -     KK). 

100.  131.84  -114.8 

Iodic  acid,  therefore,  is  constituted  of 

5  atoms  of  oxygen  «■     40 
1  atom  of  iodine      =»  125 


And  the  weight  of  its  atom  is     lG5 

*  The  term  anhydrous^  which  will  be  often  used^  if  Uerived  from  a  Greek 
word  signifying  uriUtoui  water. 


*  **  •         •  ; .  a>      •* 

^4M  OF  suEcmuMnttATiTs  loom.  ^vmm^^  r* 

J^  ttraenti,  thin,  io  Its  compoution,  a  st  ■8Kj|/'^|<y 

HlM&acid,  which  is  composed  of  5  aloms  of  ox]rgCB  sua  1  aMs 


C! 

ofcfiloriiie. 

'  AnhfditMrfbdic  acid  is  veiy  soluble  in  water^and  is  sUghllf  da* 
liqvescent^Sk, solution,  called  by  Gay  Lussac  oeMt  ioJfm^  i^ 
r^dens  aaJBai  destroys  vegetable  blues,  Ml  reduces  otber  vna* 
table  colours  to  a  dull  yellow*  When  evaponned  suffidentlfi  it  W4|| 
comes  a  Uiick  pasty  substance,  and  at  length,  by  a  cautlooslf  le^ 
gttlated  heat,  yields  the  anhydrous  acid  unaltmd. 

When  heated  in  contact  with  inflammable  bodies»  w  with  As 
more  combustible  metals,  detonations  are  produced.    Its  saM 
in  water  raiHoly  corrodes  all  the  metali,  and  eveii  acts  on  foM 
platinum,  but  es^ially  on  the  first.    ' 

.    Whoi  its  solution  is  poured  into  solutions  of  alksKes,  or  aikaBas 

earths,  or  when  made  to  act  on  their  carbonates,  triple  eoimwis 

are  formed  dT  oxygen,  iodine,  and  the  metallic  bases,  calledTllv  Plr 

H.  Davy,  oxjfiod^f  and  by  Gay  Lusssc^  more  properlft  sswia 

l^th  solution  of  ammonia,  it  composes  iodate  of  ammonia;  aad 

the  soluble  salts  of  baryta  ana  strontia,  it  precipitates  their 

^Utc  iodates.    Forty<^^ht  grains  of  iod  A  of  potassa,  wkea 

iposed  by  heat,  afforded  Sir  H.  Davy  Si  cubic  mchea  ■■  10.5 

grains  of  oxy^  gas. 

Iodic  add  enters  into  combination' with  all  those  fluid  tir  aolli 
acids  which  it -does  not  decompose.  Sulphuric  acid,  dropped  iaila 
a  saturated  solution  of  it  in  hot  water,  precipitates  a  solio,  which 
on  cooling  forms  rhomboidal  crystals  of  a  pale  yellow  colour.  This 
compound  is  fusible ;  and,  with  a  heat  properly  regulated,  may  be 
sublimated  unaltered.  Hydronitric  and  hydrophosphoric  acids  af- 
ford analog^ous  compounds.  Oxalic  and  liquid  muriatic  acids  de- 
compose it.  All  its  acid  combinations  redden  vegetable  blues;  dis- 
solve gold  and  platinum ;  and,  when  added  to  alkalies  or  earths, 
afford  common  neutral  salts,  and  their  respective  iodates.  In  their 
crystalline  state,  the  compounds  of  iodic  and  other  acids  arc  most 
probably  hydrates;  the  acids  carrying  with  them  into  combination 
definite  proportions  of  water. 

iodotis  JiciiU — By  distilling  e(jual  partsof  chlorate  of  pot assa and 
iodine,  first  triturated  together  in  a  porcelain  mortar  till  they  form 
a  very  fine  pulverulent  yellow  mass,  Sig.  Sementini  obtained  a  jrel- 
low  fluid,  having  an  acid  and  astringent  taste,  and  leaving  a  burning 
sensation  on  the  tongue.  Pleischl  recommends  three  parts  of  the 
chlorate  and  one  of  iodine,  and  that  the  receiver  be  kept  carefully 
cooled  during  the  whole  operation.  The  liquid  obtained  reddens 
blue  vegetable  colours,  but  does  not  destroy  them;  is  volatile  at  1 12** 
Fahr.,  and  even  at  common  temperatures,  without  decomposition; 
is  decomposed  when  heated  with  sulphur,  but  not  with  detona- 
tion like  iodic  acid;  and  inflames  potassium  and  phosphorus  the 
instant  it  is  brought  into  contact  with  either  of  them.  '1  he  propor- 
tion of  its  elements  has  not  been  experimentally  ascertained.  (Quart. 
,  .  Journ.  xvii.  381.)  Indeed  it  is  asserted  by  Wohler«  that  this  fluid 
,  is  nothing  more  thill  4  mixture  of  chloride  of  iodine  with  iodine. 
v(<|aafti  Journ.,  0«|^16d7.) 
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A  new  compound  of  iodine  and  oxygen  has  been  pointed  out  by 
Mitsjchcrlich,  in  which  the  proportion  of  oxygen  is  such  as  to  ren- 
der it  analogous  to  the  hyposulphurous  acid ;  and,  like  that  acid, 
it  appears  to  have  so  little  stability  of  composition,  as  to  exist  only 
when  united  with  a  base.  (Ann.  de  Ch.  et  de  Ph.  xxxvii.  84.) 

Art.  2. — lodhie  and  Chlorine. 

Iodine  absorbs  less  than  one-third  its  weif>ht  of  chlorine,  and 
forms  a  peculiar  compound,  called  chlonde^  or  chlonire^  of  iodine^ 
or  chloriodic  acid,  Accordinjj  to  Gay  Lussac,  indeed,  two  com- 
pounds result,  the  one  of  a  fine  orange-yellow  colour,  containing 
the  largest  proportion  of  chlorine,  the  other  orange-red.  Both  are 
solid  and  crystalline;  deliquiate  when  exposed  to  the  air;  arc  fusi- 
ble into  an  orange  li(juid ;  and,  when  more  strongly  heated,  give 
an  orange- coloured  gas.  The  watery  solution  takes  more  iodine, 
and  acquires  a  deeper  colour;  but,  if  agitated  with  chlorine,  it  is 
deprived  of  colour,  and  when  poured,  in  that  state,  into  solution 
of  potassa,  the  deflagrating  salt  is  precipitated.  I'Vom  li(iiud  am- 
monia, the  colourless  li(|uid  precipitates  a  white  detonating  com- 
pound; but  the  coloured  solution  throws  down  the  darker  com- 
pound, which  detonates  on  the  slightest  touch,  and  is,  indeed, 
identical  with  that  procured  by  the  direct  action  of  iodine  on  am- 
monia. 

Chloriodic  acid  precipitates  the  salts  of  iron,  lead,  tin,  and  cop- 
per; probably  in  the  slate  of  iodates. 

It  has  been  observed  by  (iay  Lussac,  that,  in  order  to  convert 
the  whole  of  a  (luantily  of  alkali  itUo  the  deflagrating  salt,  without 
any  of  the  hydriodiile  (which  otherwise  is  produced  in  greater  pro- 
portion than  the  iodatc),  it  is  necessary  first  to  combine  the  iodine 
with  chlorine;  and,  after  dissolving  the  compound  in  water,  to  sa- 
turate it  with  alkali. 

Nature  of  ladinc. — Iodine,  from  all  that  wc  yet  know  respecting 
it,  is  to  be  considered  as  a  simple  or  elementary  body,  having  a 
very  striking  analogy  with  chlorine,  which  it  resembles,  1st,  in 
forming  one  acid  by  uniting  with  hydrogen,  and  a  different  acid, 
by  combining  with  oxygen;  2dly,  in  its  eflects  on  vegetable  co- 
lours; 3dly,  in  its  ailbrding,  with  the  fixed  alkalies,  salts  which 
nearly  approach  in  cliaracters  to  chlorales;  and  4thly,  in  its  elec- 
trical habitudes.  Its  discovery,  indeed,  lends  strong  support  to 
that  theory,  which  considers  chlorine  as  a  simple  body,  and  muria- 
tic acid  as  a  compound  of  chlorine  and  hydrogen.  In  the  property 
of  forming  an  acid,  ^vhelhcr  it  be  united  with  hydrogen  or  with 
oxygen,  iodine  bears,  also,  un  analogy  lo  sulphur;  and  it  is  remark- 
ed by  (lay  Lussur  of  the  combinations  of  chlorine,  iodine,  and  sul- 
phur, with  the  elements  of  wiiler,  that  while  the  acids,  which  they 
n*spcclively  form  with  oxygen,  have  ibcir  elements  powerfully  com- 
bined, those  fonned  with  hydrogen  have  their  elements  very  feebly 
united.  Sulphur  has  the  strongest  aiTinily  for  oxygen,  then  iodine, 
and  lastly  chlorine.  Hut  for  hydrogen,  chlorine  has  a  stronger  at- 
traction than  iodine,  and  iodine  than  sulphur;  whence  it  appears 
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t^l^  a&nity  of  each  of  those  bodies  for  oxygieii  is 
|mt»Muite  to  its  sffiaity  for  hydrogen.  \ 

TV  ^^^^'^^Sf  ^^^^^^^  ^  nature  hu  been  investigated  -by  M.  Gaal* 


tier  deCiatffc.  (Ann^.de  Chini«xciiL  75,  lia.)  His' first  eujl> 
riments  v^^Brected  to  the  analysis  of  the  several  varleciea  of  Jb> 
ai$t  the  co^Plktion  of  which  famishes  the  i||da  of  sea-^eeds, 
fore  these  vegetables  are  destroyed  by  combustion,  he  asoerta 
that  iodine  exists  ip  them  in  the  state  of  kydriodaie  rfpoioimf 
that  calcination  only  destroys  the  vegetable  matters,  with  which  U 
is  combined.  As  the  hydnodate  of  potassa  is  a  deliquescent  salL 
it  remains  in  the  mother  liquor,  after  separatinjj^  tlie  carbonate  of 
soda,  'and  most  of  the  other  salts,  by  cnrstallixation.  In  the  oovrse 
of  these  experiments,  M.  de  Claubry  foidid  that  starch  la  one  of 
the  most  delicate  tests  of  the  presence  of  iodine,-  and  if  added  to 
anv  liquid  containing  it,  wit^  a  few  drops  of  sulphuric  addf  ioitaa 
is  indicated  by  a  blue  colour,  of  greater  or  less  intensity,  hk  tUa 
way  he  detected  iodbe  in  the  decocdon  df  aeveral  varieaea  of  Jfih 
but  he  was  unable  to  discover  the  slimiest  trace  of  it  hi  sea* 
The  /Vieta  Saeeharinui  ]  it  most  abundantlT;  aadyln 

to  obtain  it  by  the  cheajpesc      i  ea^est^Mt>cess,  he  reeoHi- 
s  that  we  should  submit  this  j  toci^  dried  and  reduced  to 

Kwder,  to  dtstillation  with  sulphuhc  acid.  Vauqilelfai  was  tlM 
It  who  discovered  iodine  in  the  mil  eral  kingdom :  he  extracted' 
it  from  a  mineral  sent  from  Mexico  under  the  ns[me  of  Virgin  «0> 
ver/ram  Serpentine^  and  it  is  probable  that  it  will  be  found  in  other 
ores  of  silver,  for  which  metal  it  has,  like  chlorine,  a  very  strong 
affinity.  (Ann.  dc  Ch.  Sec.  xxix.^  It  has  since  been  found  in  the 
cadmium  accompanying^  some  of  the  zinc  ores  of  Upper  Silesia. 


SECTION  IV. 
Cf  Bromine. 

Bromine  was  discovered,  in  August,  1826,  by  M.  Balard,  of 
Monlpellier,  who  has  thus  added  another  to  the  class  of  electro-ne- 
gative bodies,  and  has  ably  investigated  its  properties  and  combi- 
nations, on  the  model  of  M.  Gay  Lussac's  admirable  researches  on 
iodine  and  cyano^n. 

In  treating,  with  chlorine,  a  ley  of  the  ashes  of  a  fucus  con- 
taining iodine,  M.  Balard  had  often  observed  that,  on  adding  a 
soluti:on  of  starchy  not  only  a  blue  zone  appeared,  of  which  iodine 
formed  a  part,  but,  a  little  above  thai,  a  zone  of  a  bright  orange- 
yellow  colour.  This  orange  colour  was  eciually  produced  by  treat- 
ing in  the  same  manner  the  mother  water  of  the  salt-works,  and 
the  more  distinctly  as  the  liquor  was  more  concentrated.  It  dis- 
appeared, as  did  also  the  characteristic  smell,  by  a  day  or  two's 
exposure  to  air,  and  was  not  again  producible  by  chlorine.  Similar 
effecte  resulted  froiiPaiiding  pure  or  carbonated  alkalies,  or  any  re- 
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agent  capable  of  yielding;  hydrogen ;  but,  in  the  latter  cases,  the 
colour  and  smell  returned  on  adding  chlorine. 

By  distilling  the  yellow  solution,  a  reddish  yellow  fluid  was  ob- 
tained, of  an  odour  resembling  that  of  euchlorine.  It  had  no  acid- 
ity, and  lost  its  colour  and  smell  by  the  action  of  the  same  re- 
agents as  th*c  original  liquor.  The  water,  with  which  it  was  large- 
ly mixed,  having  been  separated  by  fused  chloride  of  calcium,  the 
fluid  then  appeared  in  the  form  of  drops,  of  a  very  deep  red  co- 
lour, very  volatile,  and  filling  the  whole  receiver  with  vapours  re- 
sembling those  of  nitrous  acid.  With  the  very  minute  quantity  of« 
liciuid  thus  obtained,  M,  Balard  satisfied  himself  that  it  possessed 
no  properties  of  a  chloride  of  iodine,  cither  chemical  or  electrical, 
and  he  was  induced  to  regard  it  as  a  simple  body,  analogous  to 
chlorine  and  iodine,  but  differing  from  both.  To  distinguish  it,  he 
gave  it  the  name  of  Aluride^  for  which  that  of  Ihonie^  from  fSpu/uK, 
f(e(or,  was  afterwards  substituted.  This  name,  when  altered  to  suit 
the  analogy  of  chlorine,  iodine,  Sec,  admits  uf  all  the  terminations 
necessary  to  express  the  various  compounds  of  the  new  body  with 
others.  • 

Process,  The  objection  to  the  first  process,  already  described, 
for  procuring  bromine,  is  the  smallness  of  the  quantity  ot)tained, 
and  still  more  its  impurity,  for  it  seemed  to  t)e  contamitiuted  with 
carbon  and  hydrogen,  or  with  a  compound  analogous  to  hydrocar- 
buret  of  chlorine.  The  following  is  a  better  method:  Pass,  through 
the  mother  water  of  the  salt-works,  a  current  of  chlorine,  not  in 
too  great  excess,  because  there  is  danger  of  forming  a  new  com- 
pound of  chlorine  and  bromine.  Pour  on  this  a  small  quantity  of 
sulphuric  ether;  and  then  fill  the  vessel  entirely  with  the  liquid. 
Agitate  them  strongly  together,  and  let  them  stand  a  short  time, 
in  order  that  the  ethereal  part  may  rise  to  the  surface,  when  it  will 
exhibit  a  stratum  of  a  fine  hyac  in  thine  red.  The  subjacent  liquor 
is  decoloured,  and,  instead  of  the  sharp  irritating  smell  of  bromine, 
gives  only  the  smell  of  ether. 

The  coloured  ether  (a  true  ethereal  solution  of  bromine)  loses 
its  colour,  and  its  smell  also,  by  agitation  with  caustic  potassa. 
This  absorbs  the  bromine ;  and,  by  successively  agitating  the  yel- 
low mother  liquor  with  ether,  and  the  ether  with  potassa,  we  suc- 
ceed in  combining  with  the  alkali  all  the  bromine  developed  in  a 
great  mass  of  fluid. 

By  little  and  little  the  potassa  loses  all  its  alkaline  properties, 
and  is  transformed  into  a  saline  matter  soluble  in  water,  and  crys- 
tallizable  in  cubes  by  evaporation.  It  is  from  these  cubic  crystals 
(hydrobromate  of  potassa)  that  M.  Balard  obtains  bromine,  by 
mixing  them,  when  powdered,  with  pulverized  peroxide  of  man- 
ganese, and  pouring  on  this  mixture,  placed  in  a  retort,  sulphuric 
acid,  diluted  with  half  its  weight  of  water.  Red  vapours  are  pro- 
duced, which  condense  into  small  drops  of  bromine.  These  fall 
through  the  water  in  which  the  neck  of  the  retort  is  immersed; 
but  what  arrives  in  vapour  dissolves  in  that  fluid.  To  obtain  the 
bromine  pure,  the  fluid  may  be  distilled  from  recently  fused  chlo- 
ride of  calcium. 


4BB  or  lUBonuMnfeo^TiTB  bosiss* 

Aiiiuliai,  Brondae  ia  a  reddbh  bhck  1       t^  rlaJKlH 

quuittty  bf  reflected  light,  and  of  a  hyacinth  red,  wjma  inl 
itf  a  tldii  stratan,  between  the  light  iM  the  eye. 

Its  rttj  ^M^reeabie  odour  reaemblet  that  of  the  oiidea  of  ( 
rinei  bttt  ia^Kh  more  intena^.    Its  taste  is  verjr  pow^MU. 

It  attacMflrganized  matters,  wood,  coii%  flecy  simF  tiam  tha 
skin  yelfow.  It  appears  to  be  an  actiTe  poison.  A  dngle  mp  te* 
trodttced  into  the  bill  of  a  bird^roved  fataL 

Its  specific  gravity,  as  near  as  it  could  be  approached,  b  ^Ml|^ 
4tis  fluid  at •^18*' cent  (OF.),  but  becomes  sofid  at--«4Palv. 
It  is  exceedingly  volatile,  and  a  sin^e  drop,  put  into  a  gbaa  tsIh 
sel,  instantly  fills  the  vessel  with  a  vapour  (sactly  reseml^ng  hi 
colour  that  of  nitrous  tcid.  It  boils  at  -(«  47**  c  (»  about  tlW 
F.)  Its  vapour  is  not  altered  by  being  transmitted  through  a  red* 
hot'tnbe. 

It  does  not  transnut  Voltidc  or  common  electricityi  tor  is  It  d^ 
composed  bv  that  agent    It  is  remarkable,  however,  tfcai  wijtaiv 
Jtipged  by  adding  a  few  drops  of  bromine,  has  its  coiidvctiBg  power 
^^Iflteh  increased^ 

^^^fts  vapour  is  incapable  of  supporting  combusdon.  A  tigMed 
tipper,  plunged  into  such  an  atmosphere,  was  sooncxtinguislwd} 
but,  bdbre  going  out,  it  burned  some  instants,  with  a  flanie  grcea 
at  die  base,  and  reddish  at  the  upper  part,  as  is  the  case  in  gaaeoua 
chlorine. 

It  is  soluble  in  water,  in  alcohol,  and,  above  all,  in  ether;  very 
sparingly  so  in  sulphuric  acid.  Olive-oil  acts  upon  it  slowly.  It  de- 
stroys instantly  the  colour  of  tincture  of  turnsole;  and  the  solution 
of  indigo  in  sulphuric  acid. 

These  facts  point  out  a  considerable  resemblance  between  chlo- 
rine, iodine,  and  bromine^  But  the  analogy  is  still  more  striking^ 
when  we  compare  the  habitudes  of  the  three  bodies,  and  the  phe- 
nomena and  results  of  their  combinations.  In  this  section  1  shall 
describe  only  the  action  of  bromine  on  electro-negative  bodies,  a 
class  in  which  it  is  itself  ranked.  In  the  seventh  chapter,  its  rela- 
tions to  hydrogen  will  be  described :  and  it  will  then  appear  to  be 
a  substance  which,  like  chlorine  and  iodine,  is  acidified  by  hydro- 
gen as  well  as  by  oxygen. 

In  the  chapter  on  metals,  bromine  will  be  shown,  also,  to  form, 
with  that  class  of  bodies,  compounds  precisely  analogous  to  me- 
tallic chlorides  and  iodides.  With  all  these  striking  resemblances 
it  possesses,  at  the  nianc  time,  properties  that  sufficiently  distin- 
guish it  both  from  chlorine  and  iodine;  nor  are  we  yet  in  posses- 
sion of  any  fact  that  evinces  it  to  be  a  compound  of  those  two  ele- 
ments. 

Art  1.— Z/rommc  and  Oxt/gen, 

When  bromine  is  agitated  with  a  sufficiently  concentrated  solu- 
tiOB  of  potassa,  two  different  compounds  are  fonned :  one,  which 
will  be  noticed  hereafter  in  the  section  on  hydrobroraic  acid;  tlic 
other,  a  white  crystalline  powder,  which,  when  washed  and  cau- 
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tiously  dried,  is  fusible  at  a  red  heat,  and  convertible  into  bromide 
of  potassium,  with  a  disengagement  of  oxygen  gas.  From  the  so- 
lution of  a  similar  salt  with  base  of  baryta,  (see  chap.  ix.  sect.  5,) 
bromic  acid  may  be  obtained  by  carefully  adding  sulphuric  acid, 
till  it  ceases  to  produce  precipitation.  By  gentle  evaporation,  the 
liquid  may  be  brought  to  a  syrupy  consistence ;  but,  if  the  heat  be 
longer  continued,  the  acid  is  partly  volatilized,  and  partly  decom- 
posed into  bromine  and  oxygen  gas.  The  same  effects  ensue  if  its 
concentration  be  attempted  in  vacuo  ;  hence  it  appears  that  water 
is  essential  to  the  existence  of  this  compound  of  bromine  and  oxy- 
gen. 

Bromic  acid  first  reddens  litmus  paper,  and  then  decolours  it. 
It  has  scarcely  any  smell ;  its  taste  is  acid,  but  by  no  means  caus- 
tic Nitric  acid  produces  no  change  in  it;  but  sulphuric  acid, 
when  concentrated,  develops  both  oxygen  and  bromine,  probably 
by  abstracting  the  water,  which  seems  essential  to  bromic  acid. 
All  the  hydracids  act  upon  it  with  considerable  energy,  their  hy- 
drogen uniting  with  the  oxygen  of  the  bromic  acid,  and  their  other 
element  with  the  disengaged  bromine. 

Bromic  acid,  added  to  a  solution  of  silver,  throws  down  a  white 
pulverulent  precipitate,  not  readily  soluble  in  water.  It  decompotcs 
the  salts  of  lead ;  but  the  precipitate  is  much  more  soluble  than 
bromide  of  silver,  and  also  than  chloride  of  lead. 

The  properties  of  bromic  acid,  therefore,  approach  more  nearly 
to  those  of  the  chloric  acid  than  to  those  of  the  iodic ;  and  it  re- 
sembles the  former,  more  especially,  in  the  facility  with  which  it 
abandons  its  oxygen. 

By  converting  bromate  of  potassa  into  bromide  of  potassium, 
the  composition  of  bromic  acid  was  deduced  to  be 

Bromine   .  -    -    -    -    64.69 
Oxygen  -'  -    -    -    -    35.31 

100. 

This  would  make  the  weight  of  the  atom  of  bromine  fall  a  little 
short  of  70;  but,  from  other  facts,  it  would  appear  to  be  75  on  the 
hydrogen  scale,  or  9.375,  oxygen  being  unity.  The  bromic  acid 
is  probably  constituted  (analogously  to  the  chloric  and  iodic  acids) 
of 

Bromine    -    -    -    -     1  atom    -    -    ^    -    75 
Oxygen      -    -    -    -    5  atoms   -    -    -    -    40 

Weight  of  its  atom 115 

Art.  2 — Bromine  and  Chlorine. 

Bromine  unites  with  chlorine  at  common  temperatures.  To  ob- 
tain this  compound,  chlorine  gas  may  be  transmitted  through  bro- 
mine, and  the  vapours  produced  may  be  condensed  by  artificial 

cold.  ^ 

The  chloride  of  bromine  is  a  liquor  of  a  reddish  yellow  coloiir, 
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ich  Ims  dtcp  than  that  of  bromine  itself;  of  a  shaqi  mod  ^Cifi 
ilinfrkmclU  mching  trarni  a«<l  of  a  very  unplosant  Uute.  !t 
exceed  in  );ly  Huii!  mil  volatile,  and  iti  vapour  isof  a  deep  j-cUnw 
(lour,  more  resenibliiif;  thai  of  the  oxidca  of  chlorine  than  irf 
nloriiic  il^f. 

Chloride  of  bromine  dis»olve»  in  water,  and  it*  solution  illacluu^n 
he  colour  of  litmus  pajjer  without  rcddciihiK  >••  When  added  to 
iolution»  of  polasaa,  soda,  and  baryta,  hydrycbloratca  and  bttiiaatea 
rf  lho»e  bases  arc  produced ;  a  proof  that  hydrogen  is  more  pow^ 
erftilly  attracted  by  chlorine  than  by  bromine. 

Art.  S. — Bromine  and  Iodine. 

Iodine  appears  susceptible  of  forming  two  different  comptmnd* 
with  bromine.  The  first  of  these  i»  produced  by  tirin|;in|>  iIiom 
bodica  into  contact,  in  such  pniportiuus  as  to  form  a  aolid.  Thia, 
irhen  heated,  gives  reddish  brown  vapours,  condensable  intu  imall 
crystals  of  the  name  colour,  which  collect  into  Bgurcs  reacrobtlBg 
ftrn-leuvefi. 

When  more  bromine  ia  added  to  these  crystals,  a  liquid  is  ob- 
Uined  resembling  brdriodic  add,  which  contains  a  ^at  czce**  of 
iodine.  This  Himiii  is  misciblc  with  water,  to  which  it  imparts 
the  property  of  aischarging^  without  reddening,  the  colour  of  Ut- 
nuB  ])apcr. 

Liijuid  alkslicK  convert  the  iodide  of  bromine  into  byiirohro 
mates  and  iodatca,  showing  that  hydrogen  is  more  »trongly  at- 
tracted by  bromine  than  by  iodine. 


SECTION  -V. 
Of  Ftuorvu. 

The  experiments  of  Sir  H.  Davy  led  him,  in  1808,  to  conclnde, 
chiefly  from  the  action  of  potassium  on  silicated  Suoric  gaa,  that 
the  fluoric  acid  is  a  compound  of  oxygen  with  a  combustible  basis. 
But  as  all  acids,  so  constituted,  are  decomposed  by  galvanic  elec- 
tricity, their  base  being  determined  to  the  negative,  and  their  oxy- 
gen to  the  positive  pole,  he  has  since  (FhiL  Trans.  1813,  part  i, 
and  1814,  part  1)  submitted  liquid  fluoric  acid  to  this  test,  afler 
having  ascertained,  by  the  result  of  its  combination  with  ammo- 
&iacal  gas,  that  in  its  stron^st  form  it  contains  no  water.  Consi- 
derable ditGculty  was  experienced  in  making  the  necessary  expo- 
sure of  the  liquid  to  electricity,  partly  in  consequence  of  the  dan- 
gerous fumes  which  it  emitted,  and  also  in  collecting  the  products. 
At  the  negative  pole,  a  gas  was  evolved,  which,  from  its  inBuo- 
inability,  appeared  to  be  hydrogen.  Thr  platina  wire  at  the  paai> 
tive  pojc  was  rapidly  corroded,  and  covered  with  a  chocolate  pov- 
de^the  properties  of  which  seem  not  to  have  been  examined. 

m^wn  flitte  of  °— y'°  was  treated  with  potassium,  no  cTtdc 
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was  obtained  of  its  containing  oxygen.  Charcoal,  also,  intensely 
ignited  in  flnoric  acid  gas,  gave  no  carbonic  acid.  The  most  sim- 
ple way  of  explaining  the  phenomena  appears,  therefore,  to  Sir  H. 
Davy,  to  be  by  the  supposition,  that  the  fluoric  acid,  like  the  mu- 
riatic, is  composed  of  hydrogen,  and  a  peculiar  base,  possessing, 
like  oxygen  and  chlorine,  a  negative  electrical  energy,  and  hence 
determined  to  the  positive  surface.  For  this  base,  which,  like  chlo- 
rine, he  believes  to  combine  at  once  with  metals,  the  name  o^ftuo- 
fine  has  been  proposed.  This  substance,  from  its  strong  affinities 
and  decomposing  agencies,  has  not  yet  been  exhibited  in  a  separate 
state ;  nor  have  any  of  the  attempts  to  detach  it  from  its  combina- 
tions by  chlorine  or  oxygen,  (on  the  presumption  that  the  attrac- 
tion of  one  of  those  bodies  for  the  metals  might  be  superior  to  that 
of  fluorine,)  been  hitherto  successful. 

The  number  representing  the  atom  oi  fluorine^  as  deduced  from 
the  composition  of  fluor  spar,  is  17.1 ;  and  fluor  spar  must  be  com- 
posed oi  20  calcium  and  17.1  fluorine.  On  the  whole,  Sir  H.  Da- 
vy is  disposed  to  estimate  the  weight  of  the  atom  of  fluorine  at 
less  than  half  that  of  chlorine,  and  to  fix  it  at  33,  which  is  equinfc- 
lent,  OB  the  common  hydrogen  scale,  to  16.5. 

ELECTRO-POSITIVE  BODIES. 

The  bodies  which  are  determined  to  the  negative  pole  of  a  gal- 
vanic arrangement,  and  whose  inherent  electrical  state  may,  there- 
fore, be  presumed  to  be  positive,  have  been  sometimes  termed  «m- 
pie  combustible  bodies.  To  this  title,  however,  the  same  objections 
exist  which  have  been  before  urged  against  that  of  supporters  of 
combustion  as  applied  to  electro-negative  substances ;  and  it  may 
be  remarked  that  one*  body  at  least  (azote)  may  with  propriety  be 
included  among  electro-positive  bodies,  which  cannot  be  consider- 
ed as  combustible,  and  to  which  it  would  otherwise  be  difficult  to 
assign  a  place.  The  electro-positive  class  comprehends,  as  we 
have  already  observed,  all  the  objects  of  chemical  science,  with 
the  exception  of  the  four  that  have  been  already  described ;  and, 
from  their  great  number,  it  becomes  desirable  to  distribute  them 
into  subordinate  and  less  comprehensive  divisions.  They  may  be 
considered,  then,  either  as  elementary  or  compound.  The  element- 
ary, or  those  which  have  not  been  yet  resolved  into  a  more  simple 
state,  may  be  divided  into, 

1.  Those  which,  by  combination  with  oxygen,  chlorine,  or  hy- 
drogen, are  capable  of  being  converted  into  acids,  but  which  have 
no  metallic  properties. 

XL  Those  which  either  decidedly  rank  as  metals,  or  are  so  near- 
ly allied  to  metals  in  their  general  habitudes,  as  to  render  it  im- 
proper to  assign  to  them  any  other  place  in  a  chemical  arrange- 
ment. In  the  class  of  metals  will  be  found  a  few  bodies  which 
yield  acids  when  united  with  oxygen,  and  one  or  two  which  are 
even  acidified  by  combination  with  hydrogen. 

A  different  arrangement  has  been  proposed  by  Berzelius,  in  a 
memoir  published  in  the  32d  volume  of  Ann.  de  Chim.  et  de  Phys.; 
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but  it  is  founded  on  principles  not  yet  recog;ni8ed  by  the  genenlity 
of  chemists.  It  may  be  sufficient,  therefore,  to  refer  those  studenu 
who  are  somewhat  advanced  in  chemical  philosophy,  to  the  CBtay 
itself. 


CHAPTER  VII. 

OF  SIMPLE  ACIDIFIABL2  BODIES  (nOT  METALUO),  AND  THEIR  COIT- 
BINATIONS  WITH  OXYGEN,  CHLORINE,  IODINE,  BROMINE,  AND  FLUO- 
RINE. 

This  subdivision  comprehends  hydrogen,  nitrogen,  carbon,  bo- 
ron, phosphorus,  sulphur,  and  selenium,  bodies  extremely  different 
from  each  other  in  their  external  appearance  and  physical  charac- 
ters, but  still  agreeing  in  the  property  of  being  convertible  into 
acids.  Of  these,  hydrogen  is  acidiiiable  by  chlorine,  iodine,  bro- 
mine, and  possibly  by  fluorine.  Nitrogen,  carbon,  and  boron,  are 
acidified  by  oxygen  only ;  while  sulphur  and  selenium  are  acidifia- 
ble  both  by  hydrogen  and  oxygen.  In  selecting  the  order  in  which 
they  should  be  described,  I  have  been  governed  chiefly  by  the  im- 
portance of  their  compounds,  and  by  the  extent  of  their  influence 
over  chemical  phenomena.  Tor  this  reason,  I  be^in  with  hydro- 
gen, because  there  are  few  chemical  changes  in  which  water  is  not 
concerned,  either  by  acting  as  a  solvent,  or  by  furnishing  oxygen 
or  hydrogen,  to  the  bodies  with  which  it  is  brought  into  contact. 


SECTION  I. 
Of  Hydrogen. 

The  most  simple  form  in  which  hydrogen'  has  hitherto  been  ob- 
tained is  in  that  of  a  gas,  that  is,  in  a  state  of  union  with  caloric, 
and  perhaps  with  electricity  and  light.  From  this  combination  mc 
arc  not  able  to  separate  it,  except  by  availing  ourselves  of  the  affi- 
nity of  some  other  substance,  in  which  case  the  hydrogen  separates 
from  the  caloric,  and  forms,  with  ihe  body  which  has  been  added, 
a  new  combination.  Of  its  nature  we  know  but  little;  but  as  it  has 
not  yet  been  resolved  into  any  more  simple  form,  it  is  still  arrange 
ed  among  elementary  bodies.  The  date  of  the  discovery  of  hydro- 
gen gas  does  not  appear  to  be  clearly  ascertained ;  but  it  seems  to 
have  been  first  attentively  examined  by  Mr.  Cavendish.  It  has  been 
termed  inflammable  or  Hs^ht  inJIammrtOle  ;iir,  and  recei>ed  its  pre- 
sent appellation  for  a  reason  which  will  be  stated  in  the  sequel. 

I.  7h prontre  hi/drogen  i(as,  let  sulphuric  acid,  previously  diluted 
with  five  or  six  times  its  weight  of  water,  be  poured  on  iron  filings 
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or  turnings,  or  on  imall  iron  nails ;  or  (which  is  still  better)  pour 
sulphuric  acid,  diluted  with  eight  parts  by  weight  of  water,  on 
sine,*  granulated  by  pouring  it  melted  into  cold  water,  and  contain- 
ed in  X  gas  bottle  or  small  retort.  An  efTervescence  will  ensue,  and 
the  escaping  gas  may  be  collected  in  the  usual  manner.  According 
to  Mr.  CaTcndtsh,  one  troy  ounce  (480  grains)  of  zinc  gives  356  oi. 
meainres  ^  about  676  cubic  inches,  and  1  oz.  of  iron  wire,  412  oz. 
m.  ^  782  cubic  inches,  of  hydrogen  gas.  The  proportions  of  gas 
which  ought  to  be  obtained  from  given  materials,  supposing  ihem 
— —  '-  easily  calculated.  It  is  well  known  that  during '  the  pro- 
of gas,  the  metal  is  oxidized,  not  at  the  expense  of  the  acid) 
which  remains  unchanged  as  to  its  quantity,  but  that  it  derives  its 
oxygen  from  the  water,  which  is  the  true  source  of  the  evolved  hy- 
drogen- Now  28  grains  of  iron,  or  34  of  zinc,  take  from  9  of  water 
8  grains  of  oxygen,  and  1  grain  of  hydrogen  is  liberated,  equal  in 
volume  to  very  nearly  47.25  cubic  inches.  It  is,  however,  advisa- 
ble to  use  a  quantity  of  sulphuric  acid,  rather  more  than  equiva- 
lent to  the  metal  employed ;  for  example,  to  28  parts  of  iron,  or  34 
sine,  more  than  49  paHs  of  oil  of  vitriol,  reckoned  before  dilution, 
are  necessary,  in  order  to  obtain  the  gas  with  sufRcient  quickness. 
An  ingenious  apparatus  for  obtaining  hydrogen  gas,  instanta- 
neously, in  a  laboratory,  is  described  fay  Cay  Lussac,  in  the  5th  vol. 
of  Ann.  de  Chim.  et  dc  Phys.,  p.  30(1 ;  and  ' 

the  annexed  cut  shows  its  construction.     It  ?i^ 

consists  of  a  three-necked  glass  bottle,  one   .  !>     <' 

of  whose  openings  has  a  stopper  from  which   '\  f  y. 

is  suspended  a  small  cylinder  of  zinc;  or  the    |  i    _n^i.i  ■) 

zinc,  instead  of  being  suspended  from  the   i  ^\=!iW^ 

top,  may  be  supported  from  the  bottom  on  a  U  ji.  NT—?^ 
tnpod  of  lead,  which  is  not  acted  upon  by  ^^4^^$^  Y-T  ,-, 
sulphuric  acid ;  though  in  this  case,  in  con-  ^^\  ^-^> 

sequence  of  the  galvanic  action  arising  from  [  1|  1 

the  contact  of  the  zinc  and  lead,  gas  ascends  ^      I 

also  in  great  abundance  from  the  latter  me-  :     p 

taL  To  the  opposite  aperture  is  fixed  a  bent  Rh^  lmJ 

brass  tube,  furnished  with  a  stop-cock,  on  *■    "■        *■ — — 

which  may  be  screwed  either  a  small  jet  for  burning  the  gas,  or  a 
tube  to  conduct  it  wherever  it  may  be  required.  The  upper  vessel 
is  of  glass,  and  ground  to  fit  the  middle  neck,  its  pipe  reaching 
within  a  small  distance  of  the  bottom  of  the  bottle.  To  use  the 
apparatus,  the  lower  vessel  is  filled 'with  sulphuric  acid,  properly 
diluted,  and  the  zinc  cylinder  is  then  introduced,  the  stopper  being 
closed  to  which  it  is  *allixed,  and  the  cover  of  the  upper  vessel  re- 
moved. The  gas  which  is  generated  drives  the  diluted  acid  into 
the  upper  vessel,  and  the  further  production  of  it  ceases  when  the 
dnc  is  completely  uncovered.  We  have  then  the  bottle  filled  with 
gas;  and  can  at  any  time  expel  it  by  opening  the  cock,  and  allow- 
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the  atmosphere  to  press  on  the  surface  of  the  liquid  in  the  glo- 
ar  vessel. 

iydrogen  f^as  thus  obtained  is  not  to  be  considered  as  abioluleif 

re.    An  observation  originally  made  by  Dr.  Priestley*  and  aftci^ 

ftrds  by  Mr.  Cuthbertson,  rendered  it  probable  that,  when  disen- 

iged  by  zinc,  it  contains  a  portion  of  that  metal ;  and,  when  gene- 

ited  by  means  of  iron,  it  is  apt  to  contain  a  little  carbureted  hy- 

rogen.    Mr.  Donovan  has  also  shown,  that,  when  procured  from 

inc  and  dilute  sulphuric  acid,  it  is  contaminated  with  sulphureted 

nydrogen  and  carbonic  acid ;  and  he  recommends  that,  to  obtain 

fmre  hydrogen,  we  should  Rrst  agitate  common  hydrogen  with 
ime-water  during  a  few  minutes,  next  with  a  little  nitrous  acid, 
afterwards  with  solution  of  green  sulphate  of  iron,  and  finally  with 
water.  (Phil.  Mag.  xlviii.  138.)  It  appears  to  me,  however,  that 
carbonic  acid  and  sulphureted  hydrogen  may  be  equally  well  re- 
moved by  the  simple  process  of  washing  the  crude  gas  either  with 
lime-water  or  with  a  solution  of  caustic  potassa;  and  Berzelint  and 
Dulong,  in  their  experiments  on  the  specific  gravities  of  aeriform 
fluids,  seem  to  have  trusted  entirely  to  the  latter  agent.  Berselina, 
however,  has  since  shown  that  the  gas  generated  from  iron  filings 
and  dilute  sulphuric  acid,  loses  its  odour  by  being  passed  through 
pure  alcohol,  and  when  the  alcohol  is  diluted  with  water,  and  u 
kept  a  few  days,  an  odorous  volatile  oil  is  separated,  which  cmased 
the  smell  of  the  gas. 

Perfectly  inodorous  hydrogen  was  also  obtained  by  Berzelius  by 
putting  an  amalgam  of  potassium  and  mercury  into  pure  distilled 
wator;  but  un  acid,  or  muriate  of  ammonia,  added  to  the  water, 
while  it  accelerates  tlie  formation  of  gas,  gives  it  also  the  same 
odour  as  that  remarked  in  the  solution  of  zinc  by  diluted  sulphuric 
acid.  This  odour  must,  ihcrt^fore,  arise  from  impurities.  (Quar- 
terly Journal,  xvii.  3S();  Annals  of  Philosophy,  N.S.  viii.  3i9.) 

It  must  be  o])vious  that,  if  the  metal  used  for  disengaging  hy- 
drogen be  contaminated  wiih  sulphur,  phosphorus,  selenium,  tel- 
lurium, or  arsenir,  a  portion  of  any  of  those  volatile  substances 
will  be  dissolved  by  this  gas,  and  will  impart  to  it  an  odour  and 
other  properties,  which  are  not  essential  to  pure  hydroi^en  gas. 

II.  Pure  hydroj^cn  gas  has  the  following  properties: 

1.  //  rftiwins  pfrmanent  ovrr  ivatrr^ov  is  not  absorbed  in  a  propor- 
tion exceeding  j\\.\\  the  bulk  of  the  water. 

2-  Jin  ronuiumhf  piorurid^it  haft  a  disugrfcaNc  r^auH ;  but  pure 
hydrogen  gas,  as  has  been  already  stated,  is  perfectly  free  from  al 
odour. 

3.  It  in  injUunhi'ible.     This  may  he  shown  by  the  following  exp< 
rimcnts: 

(ji)  Fill  a  small  jar  with  the  gas  and,  holding  it  with  the  mou 
downwards,  bring  the  gas  into  contact  with  the  ilame  of  a  c; 
die.     The  air  will  take  lire,  and  will  burn  silently  with  a  lamb 
flame. 

(b)  Fill  with  this  gas  a  bladder,  which  is  furnished  with  a  s' 
cock  and  with  a  small  brass  pip«'.  Press  the  air  through  the  p 
and,  on  presenting  a  lighted  candle  to  the  jet,  the  stream  will 
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fire,  and  continue  to  bum  with  a  pale  and  feeble  flame,  not  well 
adapted  to  the  purpose  of  artificial  light.  On  this  principle  are 
founded  the  artificial  fireworks  without  smell  or  smoke.  They  con- 
sist of  pipes,  having  variously-sized  apertures,  some  of  which  have 
a  rotatory  motion ;  and,  to  give  greater  brilliancy  or  variety  of  co- 
lour to  the  flame,  the  hydrogen  gas  is  impregnated  either  with  sul- 
phuric ether,  or  some  other  volatile  liquid,  that  admits  of  being 
readily  diffused  through  it. 

(c)  In  a  strong  bottle,  capable  of  holding  about  four  ounces  of 
water,  mix  two  parts  of  common  air  and  one  of  hydrogen  g^s.  On 
applying  a  lighted  candle,  or  a  red-hot  wire,  the  mixture  will  bum, 
not  silently,  as  in  experiment  (a),  but  with  a  sudden  and  loud  ex- 
plosion. If  a  larger  bottle  be  used,  it  should  be  wrapped  round 
with  a  handkeixhief,  to  prevent  the  glass  from  doing  any  injury,  in 
case  the  bottle  should  be  burst* 

Mr.  Cavendish  made  a  number  of  experiments  on  the  effects  of 
firing  different  proportions  of  hydrogen  gas  and  common  air.  (Phil. 
Trans,  vol.  IvL)  Nine  parts  of  air  with  one  of  hydrogen  did  not 
fire  easily,  and  gave  a  feeble  sound ;  and  four  parts  of  hydrogen 
with  one  of  air  caught  fire  without  noise,  and  continued  to  bum, 
but  only  in  the  neck  of  the  bottle.  Four  parts  of  hydrogen  and  six 
of  air  gave  the  loudest  sound.  He  found,  indeed,  that  it  was  neces- 
sary that  the  mixture  should  contain  more  air  than  inflammable  gas; 
otherwise  the  whole  of  the  latter  is  not  consumed.  From  theory, 
five  volumes  of  common  air  should  be  sufficient  for  two  of  hydro- 
gen, for  these  two  volumes  are  adequate  to  saturate  one  volume  of 
oxygen,  which  is  contained  in  five  of  atmospheric  air;  but  it  is  pro- 
bable that  a  small  excess  of  common  air  will  render  the  combus- 
tion more  perfect. 

(dj  The  same  experiment  may  be  repeated  with  oxygen  gas,  in- 
stead of  atmospherical  air ;  changing  the  proportions,  and  mixing 
only  one  part  of  oxygen  gas  with  two  of  hydrogen.  The  report 
will  be  considerably  louder.  The  bottle  should  be  a  very  strong 
one,  capable  of  holding  not  more  than  2  oz.  measures,  and  should 
be  wrapped  round  with  several  folds  of  cloth  to  prevent  an  acci- 
dent* 

In  this  case,  also,  the  combustion  is  imperfect,  if  much  more  or 
much  less  oxygen  be  employed  than  is  required  to  saturate  the 
hydrogen.  When  the  oxygen  is  9i  times  the  volume  of  the  hydro- 
gen, or  when,  on  the  other  hand,  it  is  reduced  to  one-tenth  of  the 
bulk  of  the  latter  gas,  the  combustion  in  both  cases  is  incomplete, 
and  a  portion  of  the  hydrogen  remains  imconsumcd.  Sir  H.  Davy 
found  that  one  measure  of  hydrogen  and  oxygen  gases,  mixed  in 
due  proportion  for  perfect  combustion,  was  rendered  uninflamma- 
ble by  eight  additional  measures  of  hydrogen,  or  nine  of  oxygen. 

(f)  The  combustion  of  hydrogen  and  oxygen  gases  may  be  made 
over  water,  by  means  of  the  electric  spark.  Procure  a  strong  tube, 
about  three  (quarters  of  an  inch  diameter,  and  twelve  inches  long, 

*  These  experiments  may  also  be  made  advanta|pcou8ly  by  means  of  an  appa- 
latus  fokl  unoer  the  name  of  the  inflammable  air-piitol. 
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doted  at  one  eiid1$hte  iL  fig.  29»  by  Aboat  a  quarter  or.half  •■ 
inch  from.the  sealed  end^  let  two  small  holes  be  drilled  oppodlato 
each  othe^ and  into  each  of  these  let  a  brass  conductor  be  rfinwiul 
ed,  so  thK^  two  ^ints  may  be  distant  from  each  other  wUUi 
the.tube^nput  one-^hth  of  an  inch.  An  apparatus  sekriag  the 
same  purpose,  and  much  more  easily  conktmcted,  may  be  ibmed 
by  hermetically  sealing  a  piece  of  brass  wire,  or,  still  bettery  pM^ 
tinum  wire,  into  the  end  or  a  glass  tube  (fig.  S9,  a).  With  thia'coa* 
ductor  an  interrupted  circuit  may  be  formed,  by  introducing  Into 
the  tube  a  longer  wire,  one  end  of  which  terminates  one^tentn  of  aa 
inch  from  the  upper  one,  while  the  otlier  extends  beyond  the  apcf^ 
ture  of  the  tube.  (See  fig.  84.^  Into  this  tube,  standing  onsr  wft* 
ter,  admit  about  half  a  cubic  inch  of  amuLture  of  hy£fogen  and 
oxygen  gases,  in  t&e  proportion  of  two  measures  of  the^fomier  to 
one  of  the  latter.  Hold'the  tube  firmly,  and  pass  an  electric  sjpaik 
throu^  the  mixed  gases.  For  relievin|^  the  shocks  which  is  aone- 
times  considerable  on  firin^^,  an  ingenious  contrirance  of  Sir  EL 
Davy,  described  in  the  Philosophical  Magaune,  xxxL  S,  may  be 
employed;  or  the  one  propose  by  Dr.  Ure,  in  the  18th  toL  of  An- 
nals oC  Philosophy,  p.  381.  The  first  effect  of  the  combnatioB  is 
a  sudden  and  considerable  enlargement  of  volume,  wlucli»  from 
some  experiments  of  Sir  H.  Davy,  (on  Flame,  p.  90)  Mobablf 
amounts  to  15  times  the  original  bulk  of  the  mixture.  Amr  thb 
the  gases,  if  pure,  and  in  the  proper  proportion,  mil  be  fiNmd  to 
have  disappeared  entirely. 

It  has  been  asserted  by  Grotthus,  that  a  mixture  of  two  measures 
of  hydrogen  gas  with  one  of  oxygen,  cannot  be  inflamed  by  the 
electric  spark,  when  expanded  to  16  times  its  volume  by  diminish- 
ed pressure;  nor,  when  dilated  by  heat  to  only  six  times  its  volume. 
In  the  latter  case,  even  a  lighted  taper,  he  asserts,  does  not  kindle 
the  mixture;  but  water  is  formed  silently  by  a  continued  succes- 
sion of  electric  sparks.    (82  Ann.  dc  Chimie,  37.) 

Oxygen  and  hydrogen  gases,  in  the  proportions  to  form  water^it 
is  admitted  by  Sir  IL  Davy,  will  not  explode  by  the  electric  spu4c 
when  mechanically  rarefied  18  times;  but  when  the  tube  containing 
the  expanded  gases  was  artificially  heated  so  a:;  nearly  to  softe% 
and  the  electric  spark  then  passed,  a  feeble  flash  of  light  was  vidf 
ble,  which  is  not  consistent  with  the  last  mentioned  experiments  of 
Orotthus.  Sir  H.  Davy  found,  also,  that  dilatation  by  heat,  instead 
of  diminishing  the  explosiveness  of  a  mixture  of  hydrogen  and 
oxygen  gases,  in  the  proportions  that  saturate  each  other,  on  the 
contrary  enabled  them  to  explode  at  lower  temperatures.  Thus,  a 
mixture  of  two  volumes  of  hydrogen  and  one  of  oxygen,  being  ex- 
panded by  a  spirit  lamp  to  2.i  volumes,  instantly  exploded  when  the 
upper  part  of  the  tube  containing  it  was  made  red  hot  by  another 
spirit  lamp.  He  even  found  that  a  heat  much  below  redness,  (some- 
where between  the  boiling  point  of  mercury,  and  the  greatest  heat 
that  can  be  given  short  oi^  rendering  glass  luminous  in  the  dark) 
occasions  a  mixture  of  hydrogen  and  oxygen  gases  to  unite  with- 
out violence  or  evolution  of  light ;  but  that  if,  to  a  mixture  so  cir- 
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cumstanced,  a  red  heat  be  suddenly  applied,  an  explosion  always 
takes  place.    (On  Flame,  p.  68.) 

A  glowing  coal,  if  red  in  day  light,  and  free  from  ashes,  uniform* 
ly  explodes  a  mixture  of  hydrogen  and  oxygen  gases;  but  if  its  red- 
ness IS  barely  visible  in  the  shade,  it  will  not  explode  them,  but 
will  cause  their  slow  combination.  This  is  not  owing  to  rarefaction; 
for  if  an  iron  wire  heated  to  whiteness  be  plated  upon  the  coal 
within  the  vessel,  the  mixture  instantly  detonates. 

It  is  rarely  that  oxygen  and  hydrogen  gases  can  be  used  in  such 
a  state  of  purity  as  to  leave  absolutely  no  residuum.  To  determine, 
indeed,  the  purity  either  of  the  oxygen  or  hydrogen  gas  employed, 
it  is  sometimes  necessary  so  to  adjust  their  proportions,  that  the 
whole  mixture  may  not  be  condensed  by  firihg.  If,  for  example, 
we  wish  to  hww  the  purity  of  a  quantity  of  oxygen  gasy  we  are  to 
use  about  three  times  its  bulk  of  hydrogen.  Let  us  suppose  that 
100  measures  of  oxygen  are  detonated  with  300  of  pure  hydrogen 
gas,  and  that  the  total  400  is  reduced  by  firing  to  ISO;  the  diminu- 
tion of  volume  will  be  270.  This  number  divided  by  three,  gives 
90  for  the  quantity  of  oxygen ;  that  is,  the  oxygen  gas  employed 
must  have  contained  10  per  cent,  of  nitrogen,  or  of  some  foreign  gas 
not  condensable  by  hydrogen. 

In  the  reverse  process,  t.  f.  in  determining  the  purity  of  hydrogen 
g(Vty  we  mix  it  with  more  oxygen  gas  than  is  required  for  satura- 
tion. Suppose  that  to  100  of  hydrogen  gas  we  add  100  of  oxygen, 
and  that  80  measures  remain  after  detonation.  The  diminution  will 
have  l>een  120  measures;  and  of  these  two  dds  or  80  measures  are 
hydrogen.  Hence  the  inflammable  gas  under  examination  must  con- 
tain 21)  per  cent,  of  some  other  gas,  which  is  most  probably  nitro- 
gen. In  this  way  we  determine  the  proportions  of  hydrogen  and 
nitrogen  in  any  mixture  composed  of  those  two  gases  only. 

(/)  Jiction  of  platinum  m  incoming  hydrogen  gas.  It  had  been 
found  !)y  Professor  Dobcreiner  of  Jena,  that  the  suboxide  of  plati- 
num prepared  according  to  Mr.  E.  Davy's  method  (sec  the  Section 
on  that  metal  in  vol.  ii.)  absorbs  hydrogen  gas,  with  the  extrication 
of  sufficient  heat  to  render  the  suboxide  red  hot,  and  to  inflame  the 
hydrogen,  when  previously  mixed  with  atmospheric  air  or  oxygen 
gas.  In  this  process  the  sul)oxidc  is  reduced  to  a  metallic  state* 
The  same  properly,  he  discovered  also,  belongs  to  the  light  spongy 
platinum,  ot)tained  whenever  we  expose  to  a  red  heat  the  ammo- 
nia-muriate of  that  metal.  If  a  stream  of  hydrogen  gas  be  direct- 
ed upon  a  small  piece  of  this  sponge,  the  latter  immediately  glows 
and  kindles  the  gas  ;*  or,  if  introduced  into  a  mixture  of  oxygen 
and  hydrogen,  or  common  air  and  hydrogen,  a  similar  ignition  of 
the  metal  takes  place,  and  is  instantly  followed  by  the  detonation 
of  the  mixed  gases.  But  if  the  proportion  of  hydrogen  be  such  as 
not  to  l)e  capable  of  detonatioti,  the  volume  of  the  mixed  gases  is 
silently  diminished,  and  in  a  few  minutes,  if  thrrc  has  been  oxygon 
enough,  all  the  hydrogen  is  absorbed ;  or,  if  there  be  an  excess  of 

•  This  property  has  l»ccii  npplicd  to  the  conbtruction  of  a  very  useful  lamp 
for  procuring  an  instantaneous  li^bt. 
Vol.  I.  H  <• 
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lifdrogOBf  iB the ttygeA cUM|^>e«rt.  TUiluvptfM 
^  oKjgeiif  bi  anjr  rofactiire  with  nitrogen,  does  not  eioeed  1  |»«r 

r^*  *  of  the  wM^  PUtbikin  in  this  lonn  beeomet*  therefore^  n 
nielU  af3|iMmdlometr]^  and  it  it  rendeied  ttllli^^ 
nmdicftSlfloflhis  jpnrpoae»*bTnd]lng  itwith  abont  eneqnalMlgIt 
of  alunine  or  cliinn  ctoy,  adding  water  tafiaent  to  fbvm 
inass^andnionld&igthuiiilosman  balb  abonttheidMorpea%iridcE 
mnst  be  dried  at  mt  slowly,  and  then  nt  n  strOnseiflieat.  If  «bs  of 
these  ballsi  fastened  to  s  idece  of  pktbun  wire  ror  uie  eoonrMlsnee 
of  withdrawing  it  wlien  done  wio,  and  previonslf  Igniled  lif  An 
'  blow-f>ipe,  be  mtrodn^  into  n  mixture  of  100  meaanres  of  oaair 
^  mon  air  and  M  of  bydi^ogen  In  n  gradnated  tube  ofer  naau^  It 

^  wlUcansenqidckdiminnoonof  TOinme,andin>iwrarinnl^ 

^  BT  measures  only  will  remdn.  Here  the  diminntioB  (CS«l4  ^  tt| 

diows  aniabsorption  of  dl  perts  of  oxygen;  bat  in  genend^.esp^ 
dally  if  dM  ball  hai  beien  j^onged  into  the  merdtfy  wUto  IM*  I 
have  fonnd  the  diminntion  to  eacceed  €3  partit  owing  to  thai  noilBii 
of  the  ball  on  the  residuarr  mtrogen.  Tnis,  howe?er»  mnf  to  pi»> 
pentad  by  allowing  the  ball  to  cool  for  n  few  mininte%,^elotn  faaa- 
9  ,^      ing  it  through  the  mercnry.  The  power  of  these  balls  b  not  In  An 
A     least  impdrad  by  use,  and  they  may  be  rendertd  «s  eiftdeni  n»  bo* 
W      lbre|by  eaq>osnre  for  a  short  time  to  the  flame (^  tto  blow-plpn»  At 
j^  common  temneratures,  ndther  the.spongy  platinnmi  nor  dm  bdb 

f  nrniared  with  it,  acts  upon  any  one  df  me  gaseons  tompmnnili  of 

nydrogen,  a  property  which,  it  will  afterwards  be  shown,  may  to 
applied  very  usefully  in  gaseous  analysis.  A  few  other  metds, 
especially  palladium,  act  upon  mixtures  of  oxygen  and  hydrogen 
gases,  but  less  efficiently.  (Ann.  dc  Chim.  et  Phys.  zi^ilL  and  xxiv.) 
Dobereiner  has  since  ascertained  that  moist  as  wdl  as  dry  plati- 
num has  a  similar  power,  the  only  difference  being  that  the  former 
requires  a  longer  time  to  produce  its  effect.  This  is  of  some  im- 
portance, as  it  enables  us  to  operate  over  water  as  well  as  orer  mei^ 
cury.  Tubes  closed  at  one  extremity,  and  of  the  requisite  diam^ 
ter,  may  be  prepared  for  this  purpose  as  follows.  Ignite  a  quantity 
of  the  ammonia-muriate  of  platinum  in  the  closed  end;  or  dscoo^ 
poie  it  in  a  solution  of  platmum  by  means  of  a  rod  of  doc*  In 
cither  case,  a  thin  film  of  platinum  is^  deposited  upon  the  interior  ' 
of  tto  tube,  and  adheres  to  it  firmly.  *If  mto  a  tube  thus  prepared 
n  mixture  of  hydrogen  and  oxygen,  or  of  hydrogen  and  atmospheric 
nir,  with  excess  of  the  latter,  be  introduced  over  water,  the  whole 
of  tto  hydrogen  will  be  condensed  in  a  few  hours;  or  if  the  hydro* 
gen  prevail,  all  the  oxygen  will  disappear.  The  latter  fact  suRgesU 
an  easy  method  of  purifying  hydrogen  from  minute  traces  of  oxy* 
^n;  all  that  is  necessary  being  to  endose  it  in  a  stopped  phid,the 
interior  surface  of  which  has  been  coatM  ill  tto  manner  descrUied. 
(Ann.  of  PhiL  N.  S.  ix.  313.) 

The  theory  of  this  effect  of  platinum  Is  very  obscure.  Dotoidner 
considers  the  phenomenon  as  an  electric  one,  the  hydrogen  and  pla- 
tinum forming,  he  supposes,  a  Voluic  combination,  in  which  tto 
former  rc])rcsent8  the  sine  From  the  experiments  of  Dulong  and 
Thenard,  it  appears  that  the  mixture  of  atmospheric  air  or  of  cmy- 
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gen  with  the  hydrogen  gas  is  necessary  to  render  the  platinum  in- 
candescent That  metal  exerts  no  action,  not  even  a  slow  one,  on 
the  mixed  gases,  when  in  fine  powder,  nor  when  laminated  or  drawn 
into  fine  wire ;  but  when  beat  into  the  thinnest  leaves  which  it  is 
capable  of  forming,  and  especially  when  rumpled  like  the  wadding 
of  a  gun,  it  was  found,  by  the  same  chemists,  to  be  efiicient  at  com- 
mon temperatures.  Thicker  leaves  and  wire  acted,  though  slowly, 
at  temperatures  between  2  and  300°  centigrade.  Gold  and  silver  in 
very  fine  leaves  were  efficient  at  a  heat  below  that  of  boiling  water; 
and  spongy  palladium  and  iridium  inflamed  hydrogen  at  common 
temperatures.  Spongy  platinum  loses  its  power  after  being  intense- 
ly heated.    ^Ann.  de  Ch.  et  de  Ph.  xxiii.  440.) 

(^)  The  thmnution  of  hydrogen  and  oxygen  gizsesy  by  the  union  of 
their  boMeiy  may  he  shown  also  by  means  of  an  (qfparatus  exhibUing 
their  slow  combustion.  Fill  a  tall  jar  with  oxygen  gas,  and  fill  also, 
with  hydrogen  gas,  a  bladder  furnished  with  a  stop-cock,  and  with 
a  long  brass  pipe  bent  like  the  letter  S,  and  drawn  out  to  a  fine  point 
(plate  iv.  fig.  41.)  On  pressing  the  bladder,  a  stream  of  gas  will 
issue  from  the  pipe,  which  may  be  set  on  fire,  and  brought  cau- 
tiously under  the  tall  inverted  jar  of  oxygen  gas.  By  this  contri- 
vance, the  stream  of  hydrogen  gas  will  be  burnt  in  a  confined  por- 
tion of  oxygen  gas ;  and,  on  continuing  the  combustion  a  sufficient 
length  of  time,  the  water  will  be  seen  to  rise  gradually  within  the 
jar.  On  the  first  impression  of  the  heat,  indeed,  a  quantity  of  gas 
will  escape  from  the  jar,  which  will  render  it  difficult  to  ascertain 
what  degree  of  absorption  has  actually  taken  place.  But  this  loss 
may  be  prevented,  by  using  a  jar  with  a  neck  at  the  top,  to  which 
a  compressed  bladder  is  firmly  tied.  The  expanded  air,  instead  of 
escaping  through  the  water,  will  now  fill  the  bladder  at  the  top ; 
and,  when  the  experiment  has  closed,  and  the  vessels  have  cooled, 
it  may  be  ascertained,  by  pressing  out  the  gas  from  the  bladder, 
what  quantity  of  oxygen  gas  has  been  consumed.  Tlie  same  expe- 
riment may  be  much  more  accurately  and  elegantly  made  with  the 
assistance  of  an  apparatus  which  I  have  described  in  the  Philosophi- 
cal Transactions  for  1808.  The  description  cannot  be  understood 
without  the  plate,  which  is  there  given,  and  whicli  has  been  copied 
into  the  Philosophical  Magazine,  xxii.  and  Nicholson's  Joumaly 


(A)  When  a  stream  of  hydrogen  gas  is  burned  under  a  tube  18 
or  24  inches  long,  a  musical  sound  is  produced.  The  experiment 
may  be  made  in  the  following  manner : 

'  Into  a  glass  bottle  ane  put  iron  filings  and  sulphuric  acid,  diluted 
with  five  or  six,  parts  of  water ;  and  a  cork  is  fitted  into  the  neck, 
through  which  a  glaai  tube  is  passed,  having  its  upper  extremity 
drawn  out  to  a  capillary  bore.  By  setting  fire  to  the  hydrogen  gas,* 
which  escapes  from  this  extremity,  a  continued  currant  or  jet  of 
flame  is  produced,  which  is  allowed  to  pass  into  a  tube  either  of 

*  The  ni  must  not  be  inflained  till  it  has  been  produced  for  tome  time,  and 
liat  ezpelled  all  the  common  air  of  the  bottle ;  otherwiie  an  exploiion  will  liap- 
pen,  and  the  bottle  will  be  bunt,  with  tome  danger  to  the  operator. . 
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|tM%  MrthoHinifeB^  or  metsL   If  the  tube  be  «it  too  ktgei 
Inoe  beeomet  smeUer  ••  it  b  dttiKMed }  eiid  wheo  the  tste 
the  flame  U^jftcoMldenUe  depth,  ytrj  dev  eeoiib  eie 
Biit^  QiiJIii^iitrerTt  if  the  tube  be  too  iiemw»  the  flea 

~"l|jhrwd,  m  proportion  as  the  tttbe  ie  enlargedt  ttoi 
t»  iotliattliereitkcertdn  UndtfttwUch  it tetallf  oeeaeil 
iene  heppeos  when  the  tube  is  too  fitog.  Tlie  eondnaMiy  bo 
rdied  et  pleaaia«|  by  either  ntingtnbet  of  .Tenons  fignm  or  dlH 
sfamsi  or  madeof  diflRerenit  substances.  (See  NicliolsQtt*S'Jouik  8vo. 
Ll»,a»diT.flS.) 

JQ  It  has  been  discofered  by  M.  Biot  that  amixtnreof  hyiiogm 
1  oxygen  gases  may  be  made  to  explode  by  mechantcaJ  ooaipna* 
r  don.   A  mixture  of  these  two  gasiBs  was  itttrodnced  into  m  etroag 

t    '      iMralllr  syrfngei  fiimished  with  a i^ass  bottom,  andn  siddan etrehe 
P         glTen  to  the  piston.   An  extremely  brilliant  lig^t  appaavad,  aoeoai- 
Moded  with  a  loud  detonation ;  and  the^lass  bottom  wna  fimHy 
,  drifcnout.    Therepetition  of  this  experiment,  it  is  ohfinoB||—st 

be  attsnded  with  some  difficulty  and  dangen  (See  NicholasB^ 
Journal,  8to.  xiL  ML)  The  heat  given  out  by  the  anddsn  oam- 
nresuon  of  the  gases  is  probably  the  cause  of  the  combustion  wUdi 

♦  Is  excited.  That  it  is  not  owing  to  compression  merely,  is  peoued 
by  an  experiment  of  Biot,  who  caused^  a  vessel  contanJng  nmix* 
tare  of  the  two  gases  to  be  sunk  under  water  to  tlie  depth  of  liO 

^         fiuhoms  (equal  to  thirty  atmospheres)  without  ransinn  ^l>*^  ^o>^ 
Unation. 

.  The  combustion  of  hydrogen  and  oxygen  gases  was  many  years 

aeo  successfully  applied  by  Dr.  Hare  of  Philadelphia  to  the  purpose 
of  exciting  an  intense  heat  by  the  blow-pipe.  The  peculiar  con- 
struction of  his  apparatus  cannot  be  understood  without  a  plate, 
which  may  be  seen  m  the  JSnnales  de  Chitme,  tom.  xlv.  or  in  the  14th 
volume  of  the  Philosophical  Magazine.  It  may  be  sufficient  here 
to  state,  that  the  gases  are  contained  each  in  a  separate  gasholder; 
that  they  are  expelled  by  the  pressure  of  a  column  of  water  obtain- 
ed by  lengthening  the  pipe  6,  Bg.  36 ;  and  that  their  mixture  does 
not  take  place  till  they  nearly  reach  the  aperture  of  the  pipe,  at  the 
extremity  of  which  they  are  inflamed.  This  last  precaution  is  ef 
conuderable  importance,  because  a  violent  and  dangerous  explosion 
would  otherwise  happen.  To  guard  the  more  eflcctually  against 
fliis  accident,  it  is  advisable  to  afFix  a  valve,  opening  outwards,  in 
the  pipe  proceeding  from  each  gasholder,  just  before  the  junction 
of  the  two. 

The  power  of  hydrogen  and  oxygen  gases  to  produce  an  intense 
degree  of  heat,  has  been  much  increased  in  consequence  of  a  sug- 
gestion of  Mr.  Newman  to  Professor  Clarke  of  Cambridge,  that 
the  gases  should  be  previously  mixed,  then  condensed  into  a  metallic 
reservoir,  and  made  to  pass  through  a  capillary  tube  before  being  set 
on  fire*  (See  plate  x.  figs.  4,  5,  6,  and  the  Description  of  the  Plates 
at  the  end  of  this  volume.)  The  temperature  thus  produced  was 
found  adequate  to  the  instantaneous  fusion  of  the  most  refractory 

•  ctoarteriy  Journal,  ii.  104. 
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substances.  PlKtinum,  for  instance,  was  not  only  immediately  melt- 
ed, but  set  on  fire  and  consumed  like  iron  wire  in  oxygen  ^s,with 
vivid  scintillation.  Considerable  danger,  however,  arises  to  the 
operator,  from  the  liability  of  the  condensed  gases  to  explode  and 
burst  the  apparatus.  Several  expedients  have  been  tried  for  the  pur- 
pose of  obviating  this  risk,  the  most  effectual  of  wliich,  suggested 
by  Professor  Gumming,  consists  in  interposing,  between  the  flame 
and  the  main  reservoir  of  gases,  a  cylinder  containing  a  little  water 
or  oil,  through  which,  by  means  of  a  valve  at  the  bottom,  the  gas 
is  allowed  to  pass.*  All,  thcirfore,  that  can  happen,  is  the  explo- 
sion of  the  mixed  gases  between  the  inflamed  jet  and  the  surface 
of  the  oil  or  water,  where  the  quantity  is  not  suflicient  to  occasion 
any  serious  mischief.  The  more  eflectually  to  guard  against  dan- 
ger. Dr.  Clarke  has  since,  on  the  suggestion  of  Dr.  WoUaston, 
interposed  a  faggot  of  capillary  tubes  of  the  smallest  possible  di- 
ameter, between  the  stop-cock  and  the  orifice  of  the  pipe  at  which 
the  gases  are  inflamed,  t  Additional  safety  may,  also,  be  given  to 
the  apparatus  by  interposing,  between  the  operator  and  the  reser- 
voir, a  strong  screen,  through  which  the  piston  rod  of  the  syringe 
may  be  worked  horizontally,  and  the  flame  may  thus  be  kept  up 
for  a  length  of  time  pi*oportionate  to  the  size  of  the  reservoir,  from 
which  the  mixed  gases  arc  drawn.  This  modiiication  of  the  in- 
strument renders  it  applicable  to  some  of  the  arts,  in  which  not 
only  an  intense  but  a  long  continued  heat  is  required. 

It  has  been  discovered  by  Mr.  Skidmore  of  New  York,  that  the 
flame  produced  by  Hare*s  blow-pipe  (and  that  of  Dr.  Clarke's  would 
doubtless  exhibit  the  same  phenomenon)  continues  to  bum  when 
submersed  in,  and  in  actual  contact  with,  water,  with  the  same 
splendour  as  in  the  atmosphere ;  the  only  difference  being  that,  under 
water,  its  figure  is  conglobated,  whereas  in  air  it  assumes  that  of 
a  long  slender  conical  ])encil.  Care,  it  appears,  is  re([uired  to  in- 
troduce the  flame  slowly  and  deliberately  into  the  water,  in  order 
that  the  flame  may  be  prevented  from  receding  into  the  interior  of 
the  lube.  A  piece  of  cork  or  pine  wood,  it  was  louiid,  when  brought 
within  the  action  of  the  submersed  gaseous  flame,  gave  out  a  bril-' 
liant  light.  Metallic  wires  were  also  ignited ;  but  this  was  the  ut- 
most effect  producible  upon  them,  owing,  no  doubt,  to  the  conduct- 
ing power  of  the  water.    (Silliman's  Journ.  v.  S4r.) 

4.  Hydros^cn  gas,  tfiouf^h  inJlummMe  itself^  exfin^^idshrs  burning 
bodies. — Bring  an  inverted  jar,  filled  with  this  gas,  over  the  flame 
of  a  candle  raised  a  little  above  the  water  of  a  pneumatic  trough  ; 
and  suddenly  depress  the  jar,  so  that  the  lighted  wick  may  be  whol- 
ly surrounded  by  the  gas.  The  capdle  will  be  immediately  extin- 
guished. 

5.  //  U  fatal  to  amtnab.-— This  may  be  shown  by  confining,  in  the 

*  Quarterly  Journal,  ii.  379.  where  a  plate  of  the  improved  apparatus  is  ^ivcn. 

t  Thomson's  Annals,  ix.  327.  Otlicr  impn)vcincnts  arc  suf^gcstcd  in  the 
Quaiterly  Journal,  iii.  376 ;  Edin.  Journal,  ii.  187  ;  and  Ann.  of  Philosophy,  x. 
373,  and  N.  S.  i.  428.  l1ie  fullest  information  respecting  tlic  constnicticm  and 
UK  of  this  instrument  may  be  found  in  Dr.  Clarke's  book  on  the  Gas  Ulow-pipc, 
ttvo.  Londoo,  1819. 


7 


'MB  of  tncnji  aohoubia  momas^  mm^ 

M^«BM>Meorodier  KBudi  iniiiML  It  m>yt^l«dai<i  be  hwttdl 
lor  lotte  timet  without  inconvynifiHy,  wlieii  die  luiss  at  tli&optMt 
mre  illed  with  cammon  air ;  bat  if  a  forcible  espiratiioa  he  nu|d% 
before  draiil^iii  the  hydrogen  gaa,  only  two  or  tliree  Inmiiianeea 
of  ttelattei^caii  be  made,  and  otcb  these  produce  great  mhleeeea 
aad  Mpreftfti<»i  about  the  chest  It  has  be^  fimadf  alaoi  to  chseM 
tli^  iNie  of  the  voice. .  This  eSsct  on  the  person  makfaig^  ia  op^* 
seated  immediately  after  ceasing  to  breathe  it;  bnt  it  soon  (oeaeit 
^  (Qnaru  Journal,  iz.  18£|  and  zx.  89a.) 

&  /<  if  eofuu2traftly  RaMer  than  abmonkerkid  air^  umi  imimiiB 
ilm.Hghieti  of  all  Auiie  flmi»,^^Tbt  eaiiier  attempts  to 
its  spedfic  gravity  appear  to  have  given  too  lai^  numbers^ 
biy  on  account  of  tlie  impurity  of  m  gas  submitted  to  C9E|^ 
Kirwan  made  100  cubic  mches  (tliermometer  60^$  baroaaeter  ^^^ 
wd|^  SLlGlS  grains;  Lavoisier  ft.S7d;  and  FourcroVy  VanqiMmib 
and  Seguin,  SL75.  Even  MBfL  Blot  and  Arago found  Um  aameman 
tity  to  weigh  8.93,  which  would  malte.  the  specific  ||ravity<ei  dn 
|^a07S2L  Dr.  Thomson,  (First  Princ.  ofchem.  L  n)i  ffednoea 
It  to  aO6O40^  which  is  precisely  the  number  deduced  by  Dr«.PrQSit 
from  the  composition  and  specific  gravity  of  ammneia^  Hence 
^  100  cubic  inches,  at  a  mean  pressure  and  temperature^  wdg)i.fiJ10 
gvains. 

(e)  Let  a  jar  filled  with  this  gas  atand,  tar  a  fisw  aartrndsi  wUk 
its  open  mouth  upwards.  .On  letting  down  a  candle^  the  ^aa  wiB 
be  found  to  have  escaped,  and  to  be  replaced  by  common  air. 

(b)  Place  another  jar  of  the  gas  inverted,  or  with  its  idouth  down- 
wards. The  gas  will  now  be  found  to  remain  a  short  time  in  the 
jar,  being  prevented  from  escaping  upwards  by  the  bottom  and 
sides  of  the  vessel. 

S?)  Fill  with  hydrogen  gas,  a  bladder  furnished  with  a  stop-cock; 
adapt  to  this  a  common  tobacco  pipe.  Dip  the  bowl  of  the 
pipe  into  a  lather  of  soap,  and,  turning  the  cock,  blow  up  the  lather 
into  "bubbles.  These  bubbles,  instead  of  falling  to  the  ground,  like 
those  commonly  blown  by  the  mouth,  will  rise  rapidly  into  the  air. 
On  this  property  of  hydrogen  gas  is  founded  its  application  to  tlie 
'    raising  of  balloons. 

((Q  The  experiment  may  be  varied  by  filling  the  bladder  with  a 
n&ture  of  two  parts  of  hydrogen  gas,  and  one  of  oxygen  gas.  Bub- 
bles, blown  with  this  mixture,  take  fire  on  the  approach  of  a  light- 
ed candle,  and  detonate  with  a  loud  report  It  is  proper,  however, 
not  to  set  them  on  fire,  till  they  are  completely  detached  from  the 
bowl  of  the  pipe  ;  otherwise  the  contents  of  the  bladder  will  be  ex- 
ploded, with  considerable  danger  to  the  operator. 

In  this  place  a  property  of  hydrogen  gas  may  be  described,  which 
it  possesses  in  common  with  all  other  aiSriform  bodies,  viz.  a  ten- 
dency to  diffusion  through  any  other  elastic  fluid,  with  which  it 
may  be  brought  into  contact.  Common  or  inelastic  fluids  are  ca- 
pable of  remaining  in  contact  with  each  other  for  a  long  time  with- 
out admixture.  Thus  if  we  half  fill  a  wine  glass  with  spirit  of  wine 
tinged  with  any  colouring  ingredient,  and  then,  by  means  of  the 
dropping  tube,  fig.  15,  introduce  |mder  it  a  quantity  of  water,  the 
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spirit  floats  on  the  water,  and  the  two  surfaces  remain  ]>crfectly 
distinct,  provided  we  carefully  avoid  a^tation  or  unequal  changes 
of  temperature*  But  this  is  not  the  case  with  elastic  fluids  or  gases, 
which,  it  has  been  discovered  by  Mr.  Dalton,  penetrate  each  other, 
and  become  thoroughly  mixed  under  all  circumstances.  (Man- 
chester Memoirs,  voL  i.  new  series.)  The  fact,  with  respect  to 
hydrogen  and  oxygen  gases,  may  be  proved  by  a  very  simple  ap- 
paratus. 

Provide  two  glass  vials,  each  of  the  capacity  of  about  an  ounce 
measure,  and  also  a  tube  open  at  both  efids,  10  inches  long  and  one 
20th  inch  bore.  At  each  end,  the  tube  is  to  be  passed  through  a 
(Mrforated  cork,  adapted  to  the  necks  of  the  vials.  Fill  one  of  the 
bottles  with  hydrogen  gas,  and  the  other  with  oxygen  gas ;  place 
the  latter  on  a  table  with  its  mouth  upwards,  and  into  this  insert 
the  tube  secured  by  its  cork.  Then,  holding  the  hydrogen  bottle 
with  its  mouth  downwards,  flt  it  upon  the  cork  at  the  top  of  the 
tube.  The  two  bottles,  thus  connected,  are  to  be  suflered  to  remain 
in  this  pcrpcndiculi(^  position.  After  standing  two  or  three  hours, 
separate  the  vials,  and  apply  a  lighted  taper  to  their  mouths,  when 
it  will  almost  certainly  occasion  an  explosion  in  both.  The  hydro- 
gen gas,  though  sixteen  times  lighter  than  the  oxygen,  must,  there- 
fore, have  descended  through  the  tube  from  the  upper  into  the 
lower  vial ;  and  the  oxygen  gas,  contrary  to  what  might  have  been 
expected  from  its  greater  weight,  must  have  ascended  through  the 
tube,  and  displaced  the  lighter  hydrogen. 

Experiments  of  this  kind,  it  has  been  shown  by  Mr.  Dalton,  may 
be  extended  to  all  the  other  gases,  as  has  been  done  by  himself,  and 
subsequently  by  Bcrthollet  (Mem.  de  la  Soc.  d'Arcucil,  torn.  2d); 
but  to  prove  the  interchange  of  place  with  respect  to  other  gases, 
tests  ot  a  different  kind  are  necessary,  which  require  a  previous 
knowledge  of  the  properties  of  those  gases.  They  establish  the 
conclusion,  thiU  dauticfluidsy  which  have  a  sufficiently  free  commU' 
mcaiion  unth  each  other^  tend  to  mutual  diffusion,  and  that  thin  tendency 
if  even  sufficient  to  overcome  the  obstacle  of  specific  ffravity^  the  heavier 
ruing  into  the  lif^hter,  ami  the  reverse.  It  is  obvious,  therefore,  that 
difi*erent  elastic  fluids,  when  once  thoroughly  mixed,  cannot  sepa- 
rate, and  arrange  themselves  according  to  their  respective  specific 
gravities. 

Art.  t. — Hydrogen  toiih  Oxys:en. — Synthesis^  or  Composilion^  of 

hater. 

It  has  already  been  stated,  that  oxygen  and  hydrogen  gases,  when 
fired  over  water  in  the  proper  proportions,  wholly  disappear.  To 
ascertain  the  nature  of  the  product  thus  formed,  the  experiment 
must  be  repeated  over  mercury  in  a  similar  manner,  by  means  of 
the  detonating  tube  (pi.  ii.  flg.  28,)  or  (which  is  still  better)  in  a 
very  strong  glass  vessel,  (see  the  annexed  figure)  capable  of  holding 
about  hair  a  pint,  and  furnished,  (besides  the  proper  contrivance 
at  the  top,  for  taking  an  electric  spark  in  it,)  with  a  brass  cap  and 
cockf  by  means  of  which  it  can  be  screwed  to  the  transfer  plate  of 
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one  mcBMre  of  tbemiiier  to  two  of  the  ImttBr^ 
aBd^ofeleQiik  muk  nuir  he  paieed  thnw^  the 
inilttprhi  After  the  eKploeioB»  when  tfuwphM  hei 
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Teuel,  and  by  repeating  the  opmitioB  fr^ 

IjTf  a  sufficient  quantity  of  fluid  may  be  01^ 
lected  to  show  tlutt  water  it  the  osly  product.  Tlie 
WBtd>9  produced  in  this  modcf  is  not,  however,  to 
be,  considered  as  a  compound  of  tlw  two  giM% 
but  only  of  tlieir  bases;  for  the  light  and  caloric, 
which  constituted  the  gases,  escape,  in  rturtider* 
Mit  part,  during  the  combustion.  Every  gas,  it 
mustbe  remembered,  has  at  least  two  ingrsdentai 
the  one,  graviuting  matter,  which,  if  separate^ 
would  proliably  eadst  in  a  solid  or  liqiddlbrflii;  |^ 
Other,  an  extremely  subtile  fluid,  termed  caloric 
In  the  example  before  us,  caloric  (and  perhaps 
electricity  and  light)  is  a  common  ingredient  both 
dT  hydrogen  and  oxygen  gases;  but  the  two  ffssee 
diftr  in  having  different  bases.  The  basis  m  the 
one  is  called  hydrogen,  of  the  other  dxygen;  and  water  may,  then- 
fore,  be  affirmed  to  be  a  compound,  not  of  hydrogen  and  oxygen 
gases  J  but  of  hydrog;en  and  oxygen.  Its  composition  may  be  prov- 
ed iu  two  modes;  by  synthesis,  t.  e,  by  joining  together  its  two  ele- 
mentary ingredients ;  and  by  analysis,  in  other  words,  by  separat- 
ing its  constituent  parts,  and  again  exhibiting  them  in  a  distinct 
form. 

I.  Fill,  with  hydrogen  gas,  a  bladder,  furnished  with  a  stop-cock 
and  bent  pipe  (fig.  41,  e).  Then  pour  into 
a  shallow  earthen  dish  as  much  quicksilver 
as  will  about  half  fill  it,  and  invert  over  this 
a  glass  bell,  perfectly  dry,  and  full  of  com- 
mon air.  Expel  the  hydrogen  gas  through 
the  pipe;  light  the  stream,  and  bring  it 
under  the  glass  bell,  by  raising  this,  and 
depressing  it  into  ihe  mercury,  as  soon  as 
the  inflamed  gas  is  introduced.  A  portion 
of  air  will  escape,  at  first,  in  consequence 
of  the  rarefaction.  As  the  combustion  con- 
tinues, water  will  form,  and  will  condense 
on  the  sides  of  the  glass.  This  water  is  pro- 
duced by  the  union  of  hydrogen  with  the 
oxygen  contained  in  the  atmospheric  air. 

II.  Those  persons  who  ai-c  not  possessed 
of  a  sufficient  (piantity  of  <|uicksilver  to 
make  the  above  experiment,  may  substitute 
the  followint;:  procure  a  large  glass  globe, 
capable  of  holding  three  or  four  quarts,  and 
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having  two  openings,  one  of  which  may  resemble  the  pipe  of  a  quill- 
ed receiver.  In  order  to  increase  the  condensing  surface,  the  latter 
may  be  covered  by  a  cylinder  of  thin  glass  closed  at  one  end.  In- 
flame a  sti*eam  of  hydrogen  gas,  proceeding  from  a  bladder  (see 
the  figure)  a;id  introduce  it  into  the  cavity  of  the  globe.  The  rare- 
fied and  vitiated  air  will  ascend  through  the  aperture  of  the  glojbe, 
and  a  constant  supply  of  fresh  air  will  be  furnished  from  beneath. 
By  this  combustion,  a  quantity  of  water  will  be  generated,  which  will 
be  condensed  on  the  inner  surface  of  the  vessel. 

III.  A  simple  and  ingenious  apparatus,  less  costly  than  any  other 
adapted  to  the  purpose  of  exhibiting  the  composition  of  water,  was 
invented  by  the  late  Mr.  Cuthbcrtson.  It  is  described  and  figured 
in  Nicholson's  Journal,  4to.  ii.  £35 ;  or  in  the  Philosophical  Maga- 
zine, ii.  SIT;*  and  also  in  plate  iv.  of  this  work,  figs.  33  and  34. 

In  using  this  apparatus,  however,  instead  of  two  glass  receivers 
for  the  oxygen  and  hydrogen  gases,  standing  inverted  in  a  trough 
of  water,  I  employ  a  couple  of  gazometers ;  and  with  this  altera- 
tion, the  experiment  is  more  easily  managed,  as  well  as  more  strik- 
ing. The  apparatus,  thus  modified,  consists  of  a  large  glass  receiv- 
er or  bottle  a  (pi.  iv.  fig.  34),  with  an  opening  at  the  bottom,  into 
which  is  cemented  a  piece  of  brass,  perforated  with  two  holes.  This 
brass  piece  is  represented  of  a  larger  size  in  fig.  33 ;  the  aperture 
a  conveying  the  oxygen  gas,  and  b  the  hydrogen.  Before  commenc- 
ing the  experiment,  the  cock  e,  fig.  34,  is  screwed,  by  means  of  a 
collar>joint,t  to  the  cock  6  of  the  gazometcr,fig.  35,  containing  oxy- 
gen gas ;  and  to  the  cock  f/,  by  the  same  means,  is  affixed  another 
gasometer,  filled  with  hydrogen  gas. 

When  it  is  intended  to  ascertain,  accurately,  the  proportion  of 
gases  consumed  and  of  water  generated,  the  receiver  a,  previously 
weighed,  is  first  exhausted  by  an  air-pump,  with  which  it  may  be 
connected  by  the  female  screw  at  c.  The  quantity  of  common  air 
kft  in  the  receiver  may  be  determined,  by  enclosing  a  gauge  with- 
in it :  or  after  exhausting  the  receiver,  oxygen  gas  may  be  admit- 
ted; its  contents  pumped  out  a  second  time;  and  again  renewed  by 
fresh  oxygen  from  tiie  gazometer,  the  quantity  of  which  may  be 
measured  by  the  graduated  scale.  The  receiver  being  thus  filled 
with  oxygen  gas,  and  accurately  closed  by  a  cock  at  c,  a  succession 
of  sparks  is  to  be  passed,  fi^m  the  prime  conductor  of  an  electrical 
machine,  between  the  platinum  knob  of  the  bent  wire  within  the 
receiver,  and  the  point  of  the  brass  cone.  While  the  sparks  are 
transmitted,  the  cock  (/  is  to  be  opened.  A  stream  of  hydrogen  gas 
will  immediately  issue  from  the  aperture  at  the  point  of  the  cone, 
and  will  be  inflamed  by  the  electric  spark,  as  represented  fig.  33. 
The  cock  e  is  now  to  be  opened,  and  the  size  of  the  fiame  of  hydro- 
gen gas  regulated  by  partly  shutting  tJie  cock  d.   As  the  volume  of 

*  In  the  same  volume  of  tlic  iMiilusophicnl  Ma^^zinc,  an  interesting  account 
may  be  consulted  of  the  principal  experiments  on  the  composition  of  water, 
accompanied  by  neat  and  perspicuous  cii|£raTings  of  the  apparatus  employed  in 
them. 

t  Sec  pi.  T.  fig.  47  \  and  tlic  coiveqMHiding  description  of  tlic  structure  of  this 
joint,  in  the  explanation  of  tlic  phtes  ■!  the  end  of  the  work. 
Vol.  I.  F  f 
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IjiyJiJ^ten  git  conmiMd  it  dooUe  that  of  die  csygus;  tail.lli*  pl^ 
which  tnAunitt'ildM  ditmeter  than  that  cou»eyIay  tha 

latter,  about  tiHce  mffSeumt  b  required  to  eind  thchydiM— i 
Th||i%  giTCiii  by  letteung^  in  that  propordon,  the  weight  oithiB 
cogmipoiaet  (e  e^  fig.  3d)  of  the  gaiometer  coataiiuBg  njdrogcAi 
the  combustioii,  the  moTeable  Teitel  c^  fig.  S5|  of  each 
^  r,  deacendt ;  and,  by  obaerring  the  graduated  acalet,  it 
aeen  that  two  meaturet  of  hydrogen  gat  are  coninwed  fisr 
Nmeatnre  of  oxygen.  It  it  necetsary  to  keep  the  reeeiifcr  • 
cool  h|L  meant  of  wet  clotht;  and,  when  thit  it  done,  the  water 
which  V  produced  will  condense  into  dropt  on  the  intide  of  the  re* 
cdlTer,  and  collect  at  the  bottom.  At  the  conclution  of  the  espcvi- 
ment,  the  receiyer  it  to  be  agam  w^ghed,  and  the  iaci«ate  noted* 
The  quandty  of  fi;aset  contumed  it  to  be  obtenred,  and  thcdir  actaal 
weiffht  computed,  by  meant  of  the  table  |^Ten  in  the  A|^aidix. 
It  wiU  be  found  that  the  weight  of  water  produced  it  very  nnrif 
equal  to  that  of  the  two  gatet  expended ;  tnat  b  to  tay,  fSor.  every 
hundred  graint  of  water  generated  in  the  receiver,  88.is  grafaia  of 
<iKygen  gat,  and  11.7  graint  of  hydrogen  gat  (equal.by  mcaanre  to 
about  850  cubic  inchet  of  the  former,  and  500  of  the  latter,)  will 
liave  ditappeared  from  the  gaaometert. 

Of  the  PraparHon  of  tke  ElemenU  qf  fFaUr. 

The  precite  determination  of  the  propordona  of  oxygen  and  hy- 
drogen in  water  is  a  problem  of  ^at  importance,  not  only  on  ac- 
count of  the  fact  itself,  but  of  its  influence  on  the  general  theory  of 
chemistry.  The  results  of  almost  all  the  earliest  experiments  tend- 
ed to  prove  that  water  is  a  compound  of  85  parts  by  weight  of  oxy- 
gen, and  15  of  hydrogen.  These  numbers  were  afterwards  corrected 
by  Fourcroy  and  his  associates  to  85. 7  of  oxygen,  and  14.3  of  hy- 
drogen; and  in  1805  it  was  shown  by  Humboldt  and  Gay  Lussac, 
that  the  quantity  of  aqueous  vapour,  which  g^es  always  contain, 
being  subtracted,  it  is  a  nearer  approximation  to  truth  to  state  the 
proportions  at  87.4  and  12.6.  It  is  admitted,  on  all  hands,  that 
water  is  formed  by  the  union  of  two  volumes  of  hydrogen  gas,  and 
one  volume  of  oxygen  gas.  The  greatest  deviation  from  those  num- 
bers that  has  ever  been  contended  for  is,  that  100  measures  of  oxy- 
gen gas  combine  with  197  measures  of  hydrogen.  A  difference, 
however,  so  difficult  to  ascertain,  on  account  of  its  minuteness,  may 
he  neglected ;  and  it  may  be  safely  assumed,  that  the  generaijftate- 
ment  of  one  volume  of  oxygen  to  two  of  hydrogen  is  correct. 

In  determining  the  proportion  of  the  elements  of  water,  every 
thin^  will  depend,  therefore,  on  die  pijecision  with  which  the  specific 
gravities  of  oxygen  and  hydrogen  gases  are  ascertained.  Takine 
the  resulu  of  Biot  and  Arago  (viz.  1.10359  for  oxygen  gaa,  ana 
Oi 07321  for  hydrogen  gas,)  the  proportion  of  the  elements  of  water 
should  be 

Oxygen    -     -     -     88.286    -     -    7.534 
Hydrogen     -    -     |L714    -    -     1. 

lOO 
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These  proportions  do  not  materially  differ  from  those  formerlT 
determined  by  Berzelius  (81  Ann.  de  Ch.  .25),  viz. 

Oxygen    -    -     -     88.246    -    -    7.507 
Hydrogen     -    -     11.754     -    -     1. 

100. 
The  most  recent  experiments,  however,  on  the  specific  gravities 
of  oxygen  and  hydrogen  gases,  lead  to  an  alteration  in  the  statement 
of  the  composition  of  water,  as  determined  by  its  synthesis.  Ac- 
cording to  the  results  of  Dr.  Thomson,  (First  Princ  of  Chem.  i. 
71,)  oxygen  gas  is  precisely  16  times  specifically  heavier  thin  hy- 
drogen gas,  and,  according  to  Berzelius  and  Dulong,  a  very  little 
more  than  16  times.  That  these  are  to  be  considered,  however,  as 
merely  approximations  to  the  true  proportional  numbers,  has  been 
well  argued  by  Mr.  Rainy.  (Ann.  of  Phil.  2d  series,  xi.  187.)  But, 
if  we  take  a  mean  (^viz.  16  to  1)  as  the  nearest  approximation,  both 
gases  being  supposed  perfectly  dry,  it  will  follow,  since  water  con- 
sists of  two  volumes  of  hydrogen  and  one  of  oxygen,  that  eight 
parts  by  weight  of  oxygen  and  one  of  hydrogen  constitute  water, 
or  it  consists  of  * 

Oxygen    -     -    -     88.9     -    -     8 

Hydrogen      -     -     11.1     -     -     1 

100.  9 

And  if  water  be  constituted  of  one  atom  of  oxygen  united  with 
one  atom  of  hydrogen,  the  atom  of  oxygen  will  be  represented  by 
8,  and  that  of  hydrogen  uy  1 ;  or,  representing  oxygen  by  10,  hy- 
drogen will  be  denoted  by  1.250.  It  must  be  allowed,  however,  to 
be  possible,  though  it  is  a  much  less  probable  view  of  the  subject, 
that  water  may  be  a  compound  of  two  atoms  of  hydrogen  with  one 
of  oxygen,  which  would  double  the  weight  of  the  atom  of  oxygen, 
and  make  it  16.  But  it  may  be  shown  to  be  consistent  with  me- 
chanical principles,  that  the  most  energetic  combination  of  any  two 
elements  is  that  in  which  they  arc  united  particle  to  particle.  Until, 
therefore,  the  contrary  can  be  established,  we  may  assume,  with 
Mr.  Dalton,  that  water  is  a  binary  compound  of  I  atom  of  oxygen, 
and  1  atom  of  hydrogen :  and,  adding  the  weights  of  these  atoms 
together  (8  +  1)  an  atom  of  water  will  weigh  9.  The  same  pro- 
portions, expressed  by  different  numbers,  as  proposed  by  Dr.  Wol- 
laston|i^ill  make  the  relative  weight  of  an  atom  of  water  10  + 
1.250  «  11.250;  the  only  difference,  in  this  way  of  stating  the 
fact,  being,  that  oxygen,  instead  of  hydrogt^n,  is  made  the  decimal 
unit. 

By  the  combustion  of  hydrogepjM,  cither  in  oxygen  gas  or  in 
atmoaplipric  air,  a  large  quantity  of  heat  is  evolved,  the  source  of 
which,  IS  well  as  of  the  light  which  is  also  extricated,  is  probably 
to  be  traced  both  to  the  oxygen  gas  and  to  the  combustible  body. 
Several  attempts  have  been  made  to  measure  the  caloric  thus  set 
at  liberty.  Lavoisier,  with  thc^aid  of  his  calorimeter^  obtained  re- 
sults which  led  him  to  assign  jSfoilbs.  of  ice  as  the  qiiantity  melted 
by  the  combustion  of  a  pomAl  of  hydrogen  gas.     Dr.  Crawford, 


^  riHItriif  |irnrr»  jiitdr  it  Iflftltrn  nni  Mr  FittiniillrTmi  TTTrrr 
men&on  me  rite^MBpermtare  produced  in  a  kaoim  q«aiaidtj  of 
water  by  bnndaif^flHb  Tolunie  of  hydrojniii  caknlates  tlie  Ice 
that  would  be  melcVl^the  combustion  of  a  pound  of  hydrogen 
":  t<^Db  390  lbs.  The  wide  difference  between  these  several  numbert 
stion  ^  necessity  of  fresh  investigations  of  the  subject  From 
ifi^aBt'i^^^™^^'  ^^'  Dalton  calcvdates  that  the  heat,  evolved  by 
the  t4b»  of  oxygen  and  hvdrogen  gases,  would  raise  the  tempMir 
ture  dRhe  same  weight  or  water  6500^.  (New  Syst  IL  S8S») 

Jbidgtiij  Of  Deeomporiikm  cf  Water. 


The  analytical  experiments  on  water  are  of  two  kinds  t  lat,  S^ch 
at  present  us  with  one  of  its  ingredients  only.  In  a  separate  aad 
distinct  form ;  ddly.  Such  as  present  us  with  its  two  conpoMKt 
principles,  hydrogen  and  oxygen,  mixed  together  in  tl»e  stale  ef 

L  Of  the  first  kind  are  the  following: 

1.  Procure  a  gun4>arrel,  the  breech  of  which  has  been  removed, 
80  as  to  form  a  tube  open  at  each  end.  ViXi  this  vrith  iron  wirc^ 
coiled  up  in  a  spiral  form.  To  one  end  of  the  harrd  adapt  a  small 
glass  retort,  partly  filled  with  water,  and  to  the  other  a  oent  |^ass 
tttbe,  the  open  end  of  which  terminates  under  the  shelf  of  the  pneu- 
matic cistern*  Let  the  barrel  be  placed  horizontally  (or  rather  with 
that  end,  to  which  the  retort  is  ued,  a  little  elevated)  In  a  furnace, 
which  has  two  openings  in  its  body  opposite  to  each  other.  (PI.  iv. 
fig.  40.)  Light  a  fire  in  the  furnace ;  and,  when  the  gun-barrel  has 
become  red-hot,  apply  a  lamp  under  the  retort.  The  steam  of  the 
water  will  pass  over  the  red-hot  iron,  and  will  be  decomposed.  Its 
oxygen  will  unite  with  the  iron ;  and  its  hydrogen  will  be  obtained 
in  the  form  of  a  gas.  This  is  the  readiest  and  cheapest  mode  of 
procuring  hydrogen  gas,  when  wanted  in  considerable  quantity. 

2.  The  same  experiment  may  be  repeated,  substituting  an  earthen 
tube  for  a  gun-barrel,  and  weighing  the  iron  wire  accurately,  both 
before  and  after  the  experiment  The  iron  will  have  gained  weight 
very  considerably ;  and,  if  attention  be  paid  to  the  weight  of  the 
water  that  escapes  decomposition,  by  an  addition  to  the  apparatus 
(fig.  40,  e),  and  to  the  weight  of  the  hydrogen  gas  obtained,  it  will 
be  found  that  the  weight  gained  by  the  iron,  added  to  that  of  the 
hydrogen  gas,  will  make  up  exactly  the  weight  of  the  water  that 
has  disappeared.  \ 

3.  Water  may  be  decomposed,  in  a  similar  apparatus,  over  char- 
coal instead  of  iron.  The  products,  however,  are  different  in  this 
case,  as  will  appear  from  a  sulMMsquent  section. 

4.  Another  mode  of  effecting  the  decomposition  of  water  ysl  rc- 
muns  to  be  mentioned,  in  whichnot  the  hydrogen,  but  theoxjfcn, 
is  obtained  in  a  gaseous  state.  This  is  by  the  action  of  ttvjiw  ve- 
getables, either  entire,  or  by  means  of  their  leaves  only.  Fill  a 
clear  glass  globe  with  water,  and  jput  into  it  a  numbejr  of  green 
leaves,  from  dmest  any  tree  or'plitat  A  sprig  or  tw^  of  mint  will 
answer  the  purpose  perfecl^^  welL    Invert  the  glasSp  or  place  It, 
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with  Us  mouth  downwards,  in  a  vessel  of  water.  Expose  the  whole 
apparatus  to  the  direct  light  of  the  sun,  which  will  then  fall  on  the 
leaves  surrounded  by  water.  Bubbles  of  air  will  soon  begin  to  form 
on  the  leaves,  and  will  increase  in  size,  till  at  last  they  rise  to  the 
top  of  the  vessel.  This  process  may  be  carried  on  as  long  as  the 
vegetable  continues  healthy;  and  the  gas,  when  examined,  will 
prove  to  be  oxygen  gas,  nearly  pure.  In  this  experiment^  the  hy- 
drogen combines  with  the  plant,  to  the  nourishment  and  support 
of  which  it  contributes,  while  the  oxygen  is  set  at  liberty. 

II.  The  processes  by  which  the  elementary  parts  of  water  are 
separated  from  each  other,  and  are  both  obtained  in  an  aeriform 
state,  as  a  mixture  of  hydrogen  and  oxygen  gases,  are  dependent 
on  the  agency  of  electricity. 

1.  The  first  of  these  experiments  requires  for  its  performance  the 
aid  of  a  powerful  electrical  machine.  This  fact  was  the  discovery 
of  a  society  of  Dutch  chemists ;  and  the  principal  circumstance 
in  the  experiment  is  the  transmission  of  electrical  shocks  through 
a  confined  portion  of  water.  The  apparatus  employed  in  the  ex- 
periment of  Messrs.  Dieman  and  Van  Troostwyk  is  a  glass  tube, 
about  one-eighth  of  an  inch  diameter,  and  twelve  inches  long,  one 
of  the  ends  of  which  is  sealed  hermetically,  a  gold  wire  being  in- 
serted at  this  end,  and  projecting  about  an  inch  and  a  half  within  the 
tube.  About  the  distance  of  five-eighths  of  an  inch  from  the  ex- 
tremity of  this  another  wire  is  to  be  fixed,  which  may  extend  to 
the  open  end  of  the  tube.  The  tube  is  next  to  be  filled  with  distil- 
led water,  and  to  be  placed  inverted  in  a  vessel  of  the  same.  When 
thus  disposed,  electrical  shocks  are  to  be  passed  between  the  two 
ends  of  the  wire  through  the  water;  and,  if  these  shocks  be  suffi- 
ciently strong,  bub!)!es  of  air  will  be  formed  at  each  explosion, 
and  will  ascend  till  the  upper  part  of  the  wire  is  uncovered  by  the 
water.  As  soon  as  this  is  effected,  the  next  shock  that  is  passed 
will  set  fire  to  the  mixed  gases,  and  the  water  will  rise  again  in  the 
tube,  a  very  small  quantity  of  gas  remaining.  Now  as  hydrogen 
and  oxygen  gases,  in  a  state  of  admixture,  are  the  only  ones  that 
are  capable  of  being  inilamed  by  the  electric  spark ;  and,  as  there 
is  nothing  in  the  tube  beside  water  that  can  afford  them  in  this  ex- 
periment, we  may  safely  infer  that  the  evolved  hydrogen  and  oxy- 
gen gases  arise  from  decomposed  water. 

2.  An  improved  apparatus,  exhibiting  the  same  experiment  with 
less  trouble  to  the  operator,  has  been  invented  by  Mr.  Cuthbertson, 
and  is  described  and  figured  in  Dr.  Pearson's  paper  in  the  Philo- 
sophical Transactions  for  1797,  or  in  Nicholson's  Journal,  vols.  i. 
and  ii.  4to. 

3.  The  decomposition  of  water  bjr  galvanic  electricity  is  a  pro- 
cess dngular  I  y  adapted  to  demonstrate  the  fact  in  a  simple  and 
elegaal  manner.  The  manner  of  conducting  it,  as  well  as  the  re- 
sultii  have  been  fully  explained  in  treating  of  the  general  principles 
of  electro-chemical  science. 


230  OF   SIMPLE   AOIDIFIABLB   BODIES.  CRAP.  VII. 


Properties  of  Water. 

It  is  unnecessary  to  give  any  description  of  water;  nor,  indeed, 
can  any  be  oflercd  that  will  apply  universally  to  that  fluid.  When 
spoken  of  in  the  following  pa^es,  water  purified  by  being  distilled, 
and  condensed  in  tubes  or  in  other  vessels  which  are  incapable  of 
communicating  any  impregnation  to  it,  is  to  be  understood,  unless 
otherwise  expressed.  In  that  state  it  is  destitute  of  taste  and  odour, 
and  it  may  be  kept  unchanged,  for  any  length  of  time,  in  glass 
vessels,  upon  which  it  has  no  action.  The  putrefaction,  which 
water  appears  occasionally  to  undergo,  is  owing  to  the  presence  of 
other  matters  foreign  to  its  nature. 

The  uniformity  of  the  composition  of  pure  water,  added  to  other 
considerations,  has  led  to  its  being  universally  employed  as  a  stand- 
ard of  comparison  of  specific  gravities.  A  cubic  inch  at  62^^  Fahr., 
and  30  inches  barometrical  pressure,  weighs  two  hundred  grains, 
and  four  hundred  and  fifty-eight  thousandth  parts  of  a  grain.  (PhiL 
Trans.  182G,  p.  a) 

The  experiments  of  Canton  had  long  ago  shown  that  water  is  com- 
pressible into  smaller  bulk;  and  Mr.  Perkins,  by  an  ingenious  in- 
strument which  he  calls  a  piezometer^  has  determined  the  law  of 
condensation  by  different  degrees  of  compressing  force.  By  a  pres- 
sure equivalent  to  ^000  atmospheres,  a  column  of  water,  eight 
inches  long,  was  compressed  two-thirds  of  an  inch,  or  one-twelfth 
part  of  its  lonti;th.  (Phil.  Truns.  18i2G,  p.  541.)  This,  however, 
grcaily  exceeds  llu'  dt'ii^nM'  ot'  coiidciisalion  cah^uluii'd  fVom  llir  «'X- 
ptM-imoTits  of  ProlVssor  Orrsird,  :i  brief  suniniary  of  uhi*  ii  i>  ;^i\tn 
in  th(.'  An.  do  C  h.  n  dc  V\\.  for  Jai'uarv  1S'2H.  'i'lu.'  n  adi-r  iiia\ 
also  (.(JMsuIi  tilt*  ni'inoir,  pul)Ii^licd  in  tlic  same  work  f<»r  0(  t.  and 
Nov.  I'-i'^r,  l)y  MM.  (lolludou  and  Simni. 

Ainon.ij  ilio  chcinii  al  properties  of  water,  ihc  followini";  are  some 
f)f  the  niosi  imporlanl: 

I.  Watt  r  conhiuis  air. — 'i'his  may  be  shown  by  plaeinLr  a  irla^^s 
vessel  ofwatir,  fresh  from  a  sprini^,  or  even  of  distilled  naierihat 
has  been  e\j)osed  a  few  days  to  the  atmosphere,  under  the  rerri\er 
of  an  air-pump.  Durini^  the  exhaustion  of  the  reeeiver,  bubl>les 
of  air  will  be  seen  tt>  ascend  very  plentifully.  Much  air  escapes 
also  from  water  during  boilini^,  and  may  be  collected  l)y  a  proper 
apparatus.  The  same  fact  may  also  be  exhibited  by  filling  a  lia- 
rometer  tube,  about  tliirty-tw(i  inciie.s  lon^,  sealed  at  one  end,  with 
qui(ksilver,  except  about  four  inches,  an(i  the  lemainder  with  wa- 
ter. On  in\ertin^  the  open  ejid  of  the  lulu*  in  <jui(ksilv«'i\  buSMes 
of  air  will  in  a  ^hort  time  rise  from  the  water.  Water  dej)ri\ed  ■>! 
air  regains  ii  by  exposure  to  the  atmosphere. 

The  kind  of  gas  exirii  ated  from  tht*  water  nf  a  *»J)i'mm^  at  a  con* 
sideral>le  distance  fmm  the  surface,  1  have  made  ilie  subject  o\' 
«'\periiii'-nt.  ^I*hil.  Trans,  iso.^^  I'rom  UiO  cu!)i'-  inches  of  the 
wat<  r.  «»i  :i!joui  .V  wine  pints,  -I.TG  ctibi«  inclus  ut"  gas  \^ere  sepu- 
r:ite<l,  of  uhich  .i.;)H  wtre  carbonic  acid  ^as,  and  1.38  air  «)f  ilie 
iianic  standard  as  that  of  the  atmosphere,     it  is  probable,  ho\\L\LT, 
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that  the  proportion  of  gaseous  contents  differs  in  the  water  of  dif- 
ferent springy,  for  Mr.  Dalton  states  the  averaee  of  his  experiments 
to  be  about  2  cubic  inches  of  gas  from  100  of  water,  and  that  the 
air  expelled,  after  losing  5  or  10  per  cent,  of  carbonic  acid  by  the 
action  of  lime-water,  consisted  ot  S8  per  cent,  oxygen  and  62  ni- 
trogen.   (New  Sys.  271.) 

Every  gas  is  absorbed  by  water  which  has  been  deprived  of  all 
or  the  greatest  part  of  its  air  by  long  boiling.  The  quantity,  how- 
ever, which  water  is  capable  of  absorbing,  varies  considerably 
with  respect  to  the  different  gases.  Those  gases,  of  which  only  a 
small  proportion  is  absorbed,  require  long  continued  agitation  in 
contact  with  water.  The  following  table  has  been  drawn  up  by 
Mr.  Dalton  from  the  combined  results  of  his  own  experiments  and 
mine. 

Water  absorbs,  at  the  mean  pressure  and  temperature  of  the  at- 
mosphere. 

Of  carbonic  acid  gas its  own  bulk. 

sulphuretcd  hydrogen  - .-.    do. 

nitrous    oxide do. 

olcfiant  gas l-8th. 

oxygen  gas l-27th. 

nitrous  gas do. 

carbureted  hydrogen --    do. 

carbonic  oxide --  l-64tli# 

azotic  gas  - do. 

hydrogen  gas - do. 

The  accuracy  of  these  results  has  been  called  in  question  by  Saus- 
surc,  who,  from  a  series  of  experiments  of  his  own,  has  deduced 
the  numbers  expressed  in  the  second  colunmof  the  following  table. 
(Thomson's  Annals,  vi.  340.) 

Q^^^  100  vols,  of  water  absorb  100  vols,  of  water 

^^  (Dalton  and  Henry)        absorb  (Saussure) 

Sulphureted  hydrogen     ----100.  -..-  253. 

Carbonic  acid   -     - 100.  ...     -  loC. 

Nitrous  oxide 100.  -     -     .    -  7Q. 

Olefiant  gas 12.5  -     -     -    -  15.3 

Oxygen 3.7  ....  6.5 

Carbonic  oxide 1.50----  6.2 

Azotic      -- 1.5G  -     -     -     -  4.1 

Hydrogen 1.56  -     -     -    -  4.6 

Absolutely  pure  water  (not  merely  frcod  from  air  by  boiling,)  ac- 
cording to  recent  experiments  of  Mr.  Dalton,  takes  up  2^^  per  cent, 
of  ita  kalfc  of  azotic  gas,  and  2  per  emt,  of  hydrogen.  In  the  other 
gascip  wlA  the  exception  of  carbonic  oxide,  which  he  had  already, 
in  his  System,  p.  375,  corrected  to  l-27th  the  bulk  of  the  water, 
he  is  disposed  to  abide  by  his  original  numbers,  and  to  consider 
those  of  Saiuittrc  as  much  greater  than  the  truth.  (Ann.  of  Phil, 
vii.  215.)  r 

When  water,  impregnated  Wilfe  mf  gas,  is  frozen,  the  gas  is  ex- 
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peBeA-'^lUs,  it  hnf^  b  asserted  hj  Dr  Priestlejr  HIL  Sfil)  of  ^ 
Dcmic  add,  nitrcMMnd  fluoric  acid  gas;  bat  sulpuvftms  mM  ht 
ftates  to  be  an  ezci^Pum.  The  subject,  liowefei>  reqmres  fcither 
Iments. 

ter  U  eimimmd  in  the  mr  tftke4iktt$t]^^  evmdM^f  ds 
lAer. — ^Expose  to  the  airy  in  a  shallow  vessel,  a  little  Mi* 
onrbonate  of  potassa,  or  common  salt  of  tartar;  in  a  fiew  days  it 
will  have  become  moist,  oT^ddhuktleif  and  wUI  have  increased cmh 
siderably  in  weight  Water,  .alBO^  exposed  to  the  idr  ia  a  ahalow 
▼esdta,  slowly  disappears,  beiAg  taken  up  by  the  atmosphere.  SanS" 
sure  states  the  quantity  of  water  in  a  cuoic  foot  of  air,  rhargwd  with 
moisture  at  65^  of  Fahrenheit,  to  be  11  grains.  The  ^asMlty  of 
water  that  may  be  extracted  from  100  cumcal  Inches  of  i^  ai  ST 
Fidbrenheit,  is  0.  S5  of  a  grain ;  but,  according  to  Clement  sad  Db- 
sormes,  at  54^  Fahr.,  only  0.8S6  of  a  grain  can  be  detiched  by  ex- 
posure to  recently  fused  chloride  of  calcium.  Their  rripinmniti 
and  those  of  Mr.  Oalton  concur  in  proving^  that,  at  the  saiM  tem- 
perature, equal  volumes  of  all  the  different  gases  give  w  the  same 
quantity  of  water  to  deliquescent  salts.  The  portion  or  hnmidity 
which  they  thus  abandon  has  been  called  Aygroinelrietcialsr.  Several 
bfdies  absorb  water  from  the  atmosphere,  which  caa  scarcely  be 
supposed  to  have  an  affinity  for  it,  and  again  give  it  up  oa  the  ap- 
plMiion  of  a  gentle  heat.  Such  are  almost  all  substances  in  the 
MtMKM  powder;  porous  paper;  soils  which  have  been  artificially 
dried ;  parched  oatmeal ;  and  even  the  filings  of  metals.  Some 
powders  retain  the  moisture  they  have  absorbed,  till  a  considerable 
heat  is  applied.  The  nature  of  this  combination  is  not  exactly  un- 
derstood.   (Sec  Bcrzciius,  79  Ann.  de  Ch.  118.) 

There  are  two  different  theories  of  the  state  in  which  water  ex- 
ists in  the  atmosphere  and  in  other  gases.  By  most  writers,  water 
has  been  considered  as  united  to  air  by  chemical  affinity;  and,  when 
abstracted  by  other  bodies,  (such  as  sulphuric  acid,  lime,  and  the 
whole  class  of  deliquescent  salts,)  the  effect  has  been  ascribed  to 
the  superior  affinity  of  those  bodies  for  water.  Saussurc  had  long 
ago  shown  that  the  quantity  of  water  existing  in  any  space,  at  a 
given  temperature,  is  the  same,  whether  the  space  be  void  or  filled 
with  air;  and  Mr.  Dalton  has  since  more  distinctly  proved  that  the 
vapour  of  water,  mixed  with  air,  or  with  any  other  gas  permanent 
over  water,  differs  in  no  respect  from  pure  steam,  and  is  subject  to 
the  same  laws.  Aqueous  vapour  constitutes,  in  his  opinion,  a  dis- 
tinct and  independent  atmosphere,  the  elastic  foixe  of  which  forms, 
at  different  temperatures,  difierent  proportions  of  the  elastic  force 
of  the  whole ;  lor  example,  at  the  temperature  of  65°  Fahrenheit, 
it  gives  to  air  ^\  of  its  elasticity.  According  to  this  vlei^L  a  ^'^ 
lume  of  air  or  gas  at  any  temperature,  saturated  with  nm^ure, 
contains  as  much  steam  as  would  exist,  at  that  temperatHHb  in  a 
vacuum  of  equal  capacity.  This  view,  confirmed  by  the  experiments 
of  Gay  Lussac,  is  much  more  probable  than  that  which  explains 
the  phenomena  by  chemical  affinit]^;  and  it  is  ^tipwrt^d  especially 
by  the  fact,  that  the  absorption  oC  caloric  is  precisely  the  same  in 
amount  in  spontaneous  as  in  forced  eiraporatiuu.  It  steers  clear  also 


SECT.  I0 


HYDROOBN. 


233 


of  the  inconsistency  attending  the  supposition,  that  the  vapour, 
contained  in  the  atmosphere  at  ordinary  temperatures,  is  in  a  dif- 
ferent state  from  that  existing  in  a  Toricellian  vacuum;  and,  again, 
that  water  below  212°  Fahr.  is  chemically  combined  with  the  atmo- 
sphere, and  above  212°  assumes  a  new  form,  and  becomes  a  distinct 
elastic  fluid  called  steam.  It  is  certainly  much  more  reasonable  to 
suppose  that  water,  whenever  it  exists  as  an  elastic  fluid,  whether 
distinct  from  or  mixed  with  others,  is  maintained  as  such  by  one 
and  the  same  cause,  viz.  by  its  constituent  caloric^  and  not  by  chemi- 
cal solution  in  toy  gas  or  mixture  of  gases. 

It  may  be  asked  why  the  diffusion  of  vapour  in  the  atmosphere 
is  not  instantaneous,  as  it  is  in  vacuo  ?  This  appears  to  be  owing 
to  the  vis  inertiae  of  the  particles  of  air,  and  the  resistance  is  pro- 
bably similar  to  that  which  a  stream  of  water  meets  with  in  de- 
scending through  a  bed  of  pebbles.  The  evaporation  of  water,  we 
find,  is  accelerated  either  by  raising  its  temperature,  by  increasing 
its  surface,  or  by  causing  a  current  of  air  to  pass  over  it.  In  the 
first  case,  the  force  of  Uie  vapour,  or  its  power  of  overcoming 
obstacles,  is  increased ;  and  the  quantity  of  water  evaporated  in  a 
given  time  bears,  as  Mr.  Dalton  found,  a  proportion  to  the  force 
of  vapour  of  the  same  temperature.  This  is  shown  by  the  follow- 
ing table : 


Tempentture. 

Force  of  Vapour, 
in  inches  of  mercury. 

Grains  of  Water, 
evaporated  per  min. 

212°  Fahr. 

180 

164 

152     . 

144 

138 

30 
15 
10 

7.5 

6 

5 

30 
15 
10 

r 

6 
5 

■  The  evaporation  from  a  vessel  containing  water  at  212°  in  a  still 
atmosphere,  Mr.  Dalton  found,  was  increased  one-half  by  a  current; 
and  a  still  stronger  current,  he  thinks  it  probable,  would  have 
doubled  it  In  this  case,  the  removal  of  a  mechanical  obstacle  con- 
spires with  the  force  of  the  vapour ;  and,  as  steam  rises  only  from 
the  surface  of  water,  it  is  obvious  that  increase  of  surface  must 
quicken  evaporation  by  augmenting  the  quantity  of  vapour  of  a 
given  force.  Another  circumstance,  influencing  the  rate  of  evapora- 
tion, is  the  force  of  the  vapour  actually  existing  in  the  atmosphere 
at  the  time,  for  the  less  this  force,  or,  in  other  words,  the  less  the 
(luantity  of  vapour  in  the  air,  the  more  rapid  is  the  evaporation 
from  a  pven  surface  of  water  of  a  given  temperature.  Hence  an 
increase  of  temperature  in  the  air  quickens  evaporation,  by  enabling 
the  atmosphere  to  hold  steam  of  groat(»r  force ;  and,  by  a  current 
of  heated  air,  we  apply  two  causes  conjointly,  both  of  which  pow- 
erfully tend  to  quicken  evaporation* 

The  methdd  of  finding  the  force  of  vapour  in  the  atmosphere, 
employed  by  Mr.  Dalton,  is  cxtremdy  simple  and  elegant  A  glass 
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jiTt  or  a  coimnoii  tumller,  (the  thfamer  tfie  glsM  the  better^)  may 
be  filled  witbr  coU  m^ttg  weter»  fresh  from  the  welL  If  dew  be 
iramedimtety  formed  iie  the  outside,  the  water  b  poured  oat  aad 
aBdwed  to  stand  a  while  to  increase  in  lieat;  the  glaas  is  tlwn  wel 
with  a  linen  ctoth,  and  the  water  poaned  in  agaiik  Tlib  opo» 
i  ia  continned  UH  dew  ceases  to  be  formed,  and  Uien  the  tene 
iture  of  the  water  is  to  be  obserred,  and  opporite  to  it  hi  the 
)e  (see  the  AppebdBt)  will  be  fbirad  Ae  force  of  Taponr  hi  the 
atmosphere.  This  must  be  done  dther  in  tlie  air  or  at  ap  opoi  iria* 
dow;  oecause  the  air  irithin  is  generallf  more  humid,  than  tiiat 
without  Spring  water  in  this  country  is  commonly  about  SCf^Fahr., 
aid  will  mpirtlyi^swer  the  purpose  during  the  three  hottest  months 
oT'the  year:  in  other  seasons,  artiflcial  com,  produced  by  ffiaaoMng 
a  little  dt  any  fit  neutral  Salt  in  the  water,  is  required. 

In  the  torrid  xone,  the  aqueous  atmosphere  is  equal  to  a  pieasue 
of  i^-tenths  of  an  inch  of  mercurr,  and  increases  eren  to  ose  lMh» 
In  this  dimate,  Mr.  Dakon  has  obserred  it  above  half  an  inch  in 
summer;  but  in  winter  it  is  sometimes  so  low  as  one4cntli,  or  even 
half' &  tenth;  and  at  the  same  place,  and  during  the  same  aeasoa, 
it  is  constantly  rarying  with  the  temperature  of  the  air.  It  is  easy 
theiNo  see,  at  any  time,  what  proportion  it  consdtutes  of  the  whole 
wel^t  of  the  atmosphere  of  any  given  place,  by  taking  tte  dtm 
MHHfebserring  the  barometer  at  the  time  when  the  experiment 
is  nmti  and  referring  to  Mr.  Dalton's  Table  of  the  Force  of  Va- 
pour. 

Besides  this  method  of  determining  the  degree  of  moisture  of 
the  air  by  ascertaining  the  dew  pointy  a  variety  of  instruments  have 
been  also  contrived  for  the  same  purpose.  They  are  called  Hygro- 
meters^ and  consist,  for  the  most  part,  of  some  substance,  such  as 
a  human  hair  or  a  fine  slip  of  whalebone,  which  is  elongated  by  a 
moist  atmosphere,  and  shortened  by  a  dry  one.  The  extreme  points 
are  attained  by  placing  it,  first  in  air  artificially  dried,  and  then  in 
air  rendered  as  humid  as  possible.  The  degree  of  expansion  or 
contraction  is  rendered  more  sensible  by  connecting  it  with  an  axis, 
which  moves  a  circular  index,  like  the  finger  of  a  clock.  Mr.  Les- 
lie, by  a  slight  modification  of  his  differential  thermometer, makes 
it  serve  the  purpose  of  an  hygrometer ;  for  if  one  of  the  balls  be 
covered  with  silk,  and  then  moistened  with  water,  the  rate  of  evapo- 
ration will  be  shown  by  the  degree  of  cold  produced,  as  indicated 
by  the  descent  of  the  liquid  in  the  opposite  leg  of  the  instrument. 
The  drier  the  air,  the  quicker  will  be  the  evaporation,  and  the 
greater  the  effect  in  moving  the  liquid  within  the  instrument. 

IV.  IVater  enters  into  conwinaiion  toith  various  solid  bodies^  and 
efUirth/  loses  its Jluid  form.  In  many  instances  it  unites  in  a  definite 
proportion ;  and  it  is  held  by  so  powerful  an  affinity,  as  not  to  be 
separated  by  a  very  high  temperature.  Such  compounds  are  termed 
Hydrates.  The  pure  alkalies,  potash,  and  soda,  retain,  for  example, 
even  after  fusion,  aliout  one-fifth  their  weight  of  water^  which  can 
only  be  separated  by  some  body  having  a  stronger  affinity  for  the 
alkalL  In  all  hydrates,  at  least  one  atom  of  water  must  be  present, 
or  it  must  be  contained  in  them  ia  such  quantity,  as  to  bear  the 
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proportion  of  nine  at  least  to  the  weight  of  the  atom  or  atoms  with 
which  it  is  united.  If,  for  example,  the  weight  of  the  atom  of  po- 
tassa  be  48,  we  cannot  have  a  true  binary  compound  of  water  and 
potassa,  in  which  the  former  bears  to  the  latter  a  less  proportion 
than  that  of  9  to  48.  And  if,  in  any  instanoe,  water  is  obtained 
from  a  compound  in  a  proportion  less  than  that  of  the  weight  of 
the  atom  of  water  to  the  weight  of  the  atom  or  atoms  of  the  body 
with  which  it  is  associated,  we  may  take  for  granted  that  it  is  held 
mechanically  and  accidentally,  and  not  as  a  true  chemical  consti- 
tuent. Such  appears  to  be  the  nature  of  the  union  of  water  with 
certain  neutral  salts  (common  salt  and  sulphate  of  potassa,  for 
example,)  which  contain  only  1  or  2  per  cent  of  their  weight  of 
water. 

V.  fFater  dUsoives  a  great  variety  of  iolid  ^orftM.— The  substances 
on  which  it  exerts  this  effect  are  said  to  be  soluble  in  water ;  and 
there  are  various  degrees  of  solubility.  See  chap.  i.  and  the  Table 
in  the  Appendix. 

VI.  During  the  solution  of  bodies  in  water^  a  change  of  temperature 
€iinie».— In  most  instances,  an  absorption  of  caloric  (in  other  words, 
a  production  of  cold)  is  attendant  on  solution,  as  in  the  examples 
given  in  the  chapter  on  caloric  But,  in  other  cases,  caloric  is  evolv- 
ed, or  heat  is  produced.  Thus  common  salt  of  tartar,  during  solu- 
tion in  water,  raises  the  temperature  of  its  solvent;  and  causdc  po 
tassa,  in  a  state  of  dryness,  does  the  same  still  more  remarkably. 
But  carbonated  and  pure  potassa,  when  crystallized,  observe  the 
usual  law,  and  absorb  caloric  during  solution.  Now  as  their  differ- 
ence, in  the  crystallized  and  uncrystallized  state,  depciids  chiefly  on 
their  containing  in  the  former,  but  not  in  the  latter,  water  chemi- 
cally combined,  we  may  infer,  that  the  cold,  produced  during  tlie 
solution  of  salts,  is  occasioned  by  the  conversion  of  the  water,  which 
exists  in  these  bodies,  from  a  solid  to  a  liquid  form.  Some  doubt, 
it  must  be  acknowledged,  is  thrown  on  this  conclusion  by  the  ob- 
servation of  Gay  Lussac,  that  a  saturated  solution  of  nitrate  of  am- 
monia, when  mixed  with  water  of  the  same  temperature,  is  cooled 
8  or  9  degrees.  (Ann.  de  Ch.  et  de  Phys.  i.  215.) 

VII.  During  the  solution  of  salts  in  water^  a  quantity  of  air  is  dis- 
en^a^6(2.— This  air  was  partly  contained  mechanically  m  the  salt, 
and  partly  in  the  water.  That  it  does  not  arise  entirely  from  the 
former  source,  is  proved  by  varying  the  experiment  in  the  follow- 
ing manner.  Let  an  ounce  or  two  of  sulphate  of  soda  be  put  into 
a  phial,  and  on  this  let  as  much  water  be  poured  as  will  completely 
fill  the  bottle.  The  air  contained  in  the  pores  of  the  salt  will  be 
thus  disengaged ;  but  only  a  small  portion  of  the  salt  will  be  dis- 
solved. Let  the  phial  be  shaken,  and  the  whole  of  the  salt  will  dis- 
appear; a  fresh  portion  of  air  being  liberated  during  its  solution. 

Vin.  During  the  solution  of  bodies^  the  bulk  of  water  changes. — 
Take  a  glass  globe,  furnished  with  a  long  narrow  neck  (commonly 
termed  a  matrass,  see  fig.  4,)  and  put  into  it  an  ounce  or  two  of  sul- 
phate of  soda.  Then,  add  as  much  water  as  will  fill  the  globe,  and 
about  three-fourths  of  the  neck.  This  should  be  done  with  as  little 
agitation  as  possible,  in  order  that  the  salt  may  not  dissolve,  till 
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required.  Mark,  bt  tying  a  little  thread,  or  by  a  acratch  wUk  a 
fllei  the  line  where  the  watei^  stands;  and  then  aptate  tlie  .matrais. 
The  salt  wUl  dissolve;  air  will  be  set  at  liberty;  and,  during  the 
solution,  the  water  will  sink  considerably  below  its  lereL  The  oott- 
traimm  of  bulk  is^wing  to  the  diminntion  of  temperature;  and, 
when  the  water  has  regamQl  its  former  temperature,  it  will  belbaad 
thkt  iu  bulk  is  increased  by  the  addition  of  the  salt  The  late  Blahop 
Watson  observed,  that  water  eslubits  a  manifest  attjpneBtaliMi  of 
bulk,  bv  dissolving  only  the  two  thousandth  part  or  ita  wdght  of 
lalt;  a  net  snfficiratly  decisive  against  that  theory,  wldch  auppoaea 
pores  in  water  capable  of  receivmg  saline  bodies  without  an  aug- 
mentation of  volume. 

IX.  ¥Faier  qppean  to  have  U$  tohent  power, inertneif  bg  JBmUUk' 
Inig  HUpreaure  tfihe  oteMNpAere.— Into  a  Florence  flask,  put  half  a 
pound  of  sulphate  of  soda ;  pour  on  it  barely  a  pint  of  wutcrtand 
apply  heat  so  as  to  boil  the  water.  The  whole  of  the  salt  irfll  be 
diMolved.  Boil  the  solution  for  several  minutes  pretty  stnmghr,  so 
as  to  drive  out  the  dr;  and  cork  the  bottk  ti^^y,  immediately  on 
Ita  .removal  from  the  fire.  To  prevent  more  completely  the  admis* 
aiim  of  siir,  tie  the  cork  over  with  bladder.  As  the  vessel  isools,  an 

:t  vacuum  will  be  formed  over  the  solution ;  for  die  sinin, 
during  the  ebulliUon,  expdk  the  air,  and  takes  ita  place. 
is  condensed  again,  when  the  vessel  cools.  The  solution, 
whflB^rfectly  cold,  may  be  shaken  without  any  eflbct  ensuing,  so 
long  as  the  vessel  is  kept  closely  stopped ;  but,  on  removing  the 
cork  and  shaking  the  vessel,  the  solution  will  immediately  congeal, 
and  heat  will  be  produced.  This  experiment,  besides  the  principle 
which  it  is  peculiarly  intended  to  illustrate,  exemplifies  also  the 
general  rule  already  laid  down,  that  caloric  is  always  evolved,  dur- 
ing the  transition  of  bodies  from  a  fluid  to  a  solid  state;  and  it  fur- 
nishes an  instance  exactly  the  reverse  of  that  in  which  cold  is  pro- 
duced, or  caloric  absorbed,  during  the  solution  of  salts.  It  is  pro- 
per, however,  to  remark  that  the  observations  of  Dr.  Coxc,  of 
Philadelphia,  have  thrown  some  doubt  over  the  cause  of  these  phe- 
nomena, which  appears  to  require  further  investigation.  From  his 
experiments,  the  exclusion  of  air  docs  not  seem  to  be  absolutely 
necessary ;  for  saline  solutions  continued  fluid,  if  perfectly  at  rest, 
though  freely  exposed  to  the  atmosphere,  but  immediately  became 
solid  when  shaken.  (Thomson's  Annals,  vi.  101.)  The  effect  of 
mechanical  disturbance  in  promoting  saline  crystallization,  under 
circumstances  where  it  has  been  ascribed  to  the  renewed  contact 
of  air  with  the  surface  of  the  solution,  is  illustrated  also  by  some 
experiments  of  Dr.  Ure.  (Quart  Journ.  v.  106.) 

X.  It  is  unnecessary  to  add  any  thing  to  what  has  been  already 
said  in  a  former  section,  respecting  the  combination  of  caloric  with 
water  constituting  steam ;  or  to  the  history  of  the  phenomena  at- 
tending its  conversion  into  ice;  except  that,  during  the  latter  change, 
electricity  as  well  as  caloric  is  evolved,  (Ann.  de  Chim.et  dc  Phys. 
xxvii.  tll«)  and  that  its  bulk  is  enlarged  in  the  proportion  of  nine 
to  eight.  In  consequence  of  this  expansion,  water,  during  congrls- 
tion,  IS  capable  of  bursting  the  strongest  iron  vessels. 
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It  18  remarkable,  that  this  enlargement  of  the  bulk  of  water  be- 
gins, long  before  its  temperature  has  descended  to  the  freezing 
point,  viz.  at  about  40°  Fahrenheit  Let  a  thermometer  bulb,  and 
part  of  its  tube,  having  a  wide  bore,  be  filled  with  water  tinged 
with  a  little  litmus,  which  may  be  introduced  by  the  same  means  as 
those  already  directed  for  filling  it  with  quicksilver.  Immerse  the 
bulb  in  water  of  the  temperature  of  40° ;  and,  when  the  included 
water  may  be  supposed  to  have  attained  the  same  degree  of  heat, 
remove  the  instrument  successively  into  water  of  the  temperature 
of  36°  and  32°.  At  each  immersion,  the  water  will  rise  in  the  tube. 
Bring  its  temperature  again  to  40°,  and  it  will  descend  to  the  same 
point  as  before.  Place  it  in  water  of  50°,  and  it  will  again  be  ex- 
panded. Precisely  similar  effects,  therefore,  appear  to  result,  in 
these  experiments,  from  two  opposite  causes;  for  the  bulk  of  water 
is  alike  increased  by  reducing  or  raising  its  temperature.  The 
point,  at  which  water  is  of  its  greatest  density,  was  fixed  by  De 
Luc  at  41°  Fahr.;  by  Sir  C.  Blagden  and  Mr.  Gilpin  at  39°;  and  by 
Dr.  Hope  and  Count*  Rumford,  somewhere  between  39°  and  40°. 
It  is  contended,  however,  by  Mr.  Dalton,  that,  in  the  apparent  ex- 
pansion by  a  lower  temperature,  there  is  a  deception,  arising  from 
the  contraction  of  the  glass,  which  must  lessen  the  capacity  of  the 
bulb,  and  force  the  water  up  the  stem.  He  apprehends,  therefore* 
that  the  point  of  greatest  density  has  been  fixed  too  high  by  Count 
Rumford,Dr.  Hope,  and  other  philosophers,  and  that  it  is  in  reality 
30°  of  Fahrenheit,  or  4°  above  the  freezing  point.  M.  Biot  infers 
also  that  the  true  maximum  of  density  is  at  38. 16  of  Fahr.  (Thom- 
son's Annals,  ix.  434).  But  the  recent  experiments  of  Hallstrcim, 
(Ann.  de  Ch.  et  de  Ph.  xxviii.  90,)  place  it  at  39.39  F.  and  this  we 
may,  therefore,  consider  as  its  point  of  greatest  density.  In  sea 
water,  it  appears  frofn  the  experiments  of  Krman,  Jun.  that  the 
common  salt,  which  it  contains,  retards  the  point  of  maximum 
density,  or  rather,  perhaps,  prevents  it  from  taking  place  till  after 
congelation.  (Ann.  de  Ch.  £cc.  July,  1828.) 

JDmtoxide  or  Peroxide  of  Hydrogen. 

Only  one  compound  of  hydrogen  and  oxygen,  namely  water,  was 
known  until,  in  July  1818,  M.  Thenard  discovered,  that  by  a  pro- 
cess somewhat  difficult  and  complicated,  an  additional  dose  of  oxy- 
gen may  be  communicated  to  that  fluid,  and  a  compound  may  be 
obtained,  which  is  possessed  of  a  new  and  very  remarkable  train 
of  properties. 

To  obtain  this  product,  it  is  necessary  to  employ  a  substance, 
the  nature  and  preparation  of  which  will  be  described  in  the  section 
on  ftffritim,  viz,  the  peroxide  of  that  metal.  This  compound,  when 
acted  upon  by  liquid  hydro-chloric  (muriatic)  acid,  abandons  part 
of  its  oxygen,  and  is  reduced  to  the  state  of  protoxide  (baryta), 
which  unites  with  the  muriatic  acid,  while  the  oxygen  unites  with 
the  water.  Sulphuric  acid,  added  to  the  compound  fluid,  carries 
down  the  baryta,  and  sets  muriatic  acid  at  liberty,  which  is  ready 
ro  act  upon  a  fresh  quantity  of  the  peroxide  of  barium.     This 
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Operation  may  be  several  times  repeated^  and  at  each  repetition 
the  water  becomes  charged  with  an  additional  quantity  of  oxygen. 
When  the  process  has  been  carried  far  enough,  sulphate  of  silver 
is  added,  to  precipitate  the  free  muriatic  acid,  which  it  replaces 
by  a  quantity  of  tree  sulphuric  acid ;  but  the  latter  is  easily  sepa- 
rated by  adding  a  due  proportion  of  baryta.  This  is  a  general  out- 
line of  the  process,  to  insure  the  perfect  success  of  which  seems  to 
require  many  precautions,  and  especially  the  greatest  attention  to 
the  purity  of  the  peroxide  of  barium.  Very  minute  instructions 
for  the  preparation  of  this  oxygenated  water  are  given  by  its  dis- 
coverer, M.Thenard;  but  they  would  occupy  too  much  room  here, 
and  I  refer  therefore  for  a  detail  of  them  to  his  Memoir  on  this 
subject.  (Ann.  de  Chim.  etde  Phys.  viii,  ix;  Ann.  of  Philos.  xiii, 
xiv,  XV;  and  Quart.  Joum.  vi.  loO,  379.  viii.  114,  154.) 

The  peroxide  of  hydrogen  is  liquid  and  colourless  like  water.  It 
has  scarcely  any  smell,  but  when  applied  to  the  tongue  whitens  it, 
thickens  the  saliva,  and  produces  a  taste  like  that  of  some  strong 
metallic  solutions.  It  attacks  the  skin  with  great  rapidity,  bleaches 
it,  and  occasions  a  smarting,  the  duration  of  which  differs  in  dif- 
ferent persons,  and  in  the  same  person,  according  to  the  quantity 
applied.  Its  specific  gravity  is  1.452,  and  when  poured  into  water 
it  descends  through  it  like  syrup,  though  easily  dissolved  by  agi- 
tation. Its  tendency  to  the  vaporous  form  is  much  less  than  that 
of  water,  and  hence,  when  very  dilute,  it  may  be  concentrated  by 
exposing  it  under  the  receiver  of  an  air-pump,  along  with  any  strong 
deliquescent  substance.  If  continued  long  in  this  situation,  how- 
ever, it  al  l(Miii^th  disappears.  In  its  most  concentrated  form,  it  lias 
not  been  conj^ealed  by  any  degree  of  artificial  cold  yet  applie<l  to  It. 
When  once  prej)are(l,  it  is  necessary  to  keep  it  surrounded  by 
ice,  for  a  temperature  of  38°  Tahr.  is  sufllcient  to  decompose  it,  and 
to  liberate  oxygen  gas  in  great  abundance.  The  action  of  heat 
varies  with  its  degree  of  concentration.  Seven  or  eight  grains  of 
the  sp.  gr.  1.45*2,  when  suddenly  heated,  are  suflicient  to  occasion 
a  violent  explosion ;  and,  therefore,  to  obtain  safely  the  whole  of 
its  excess  of  oxygen  above  that  constituting  water,  it  is  nece>sary, 
before  applyini;  heat,  to  dilute  it  wiil\  abotit  *20  parts  by  wei>;ht  of 
water.  Hy  experiments  of  this  kind,  carefully  made,  M.  Thenard 
ascertained  that,  admitlinj^  water  to  be  composed  of  11.71  hydro- 
gen and  H8."2i)  oxygen,  this  nrw  compound  contains  exactly  double 
that  (juantity  of  oxyi^cn,  or  11.71  hydroj^en,  and  17i'».5H  oxygen,  or 

llvdroiren 1 

()\yic<n It) 

If  water,  then,  be  a  compound  of  1  atom  of  hydroi^tn  and  1  ol* 
oxygen,  the  peroxide  must  consist  of  1  atom  ofhydroj^rn  and  Oof 
oxygen,  and  its  nprrscntative  number  (hydroj^en  l)ein^;  unity)  will 
be  17.  or,  oxyi^iii  bcin^;;  10,  it  \\\\\  bv  Zl.'lM).  This  is  a  mtich  nioiv 
probabU*  view  of  th«*  subjc(  i  than  that  it  should  consist  t>f  1  atom 
ofoxviren  -f  1  atom  of  livdrovr^u;  and  water  of  I  atom  nf  nwvren 
+  *2  ol  hydroj^en ;  for,  in  this  case,  the  most  compounded  body, 
water,  would  be  most  difficult  to  decompose,  which  is  c«»ntrary  to 
all  analogy. 
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Light  docs'not  exert  any  speedy  operation  on  the  peroxide  of 
hydrogen.  Of  the  metals,  tin,  iron,  antimony,  and  tellurium,  bring 
it  back  rapidly  to  the  state  of  water.  Some  metals,  as  silver,  pla- 
tinum, gold.  Sec,  when  finely  divided  and  added  to  it,  liberate  its 
oxygen  without  themselves  undergoing  any  change,  in  a  way  which 
is  not  easily  explained.  Others  (arsenic,  molybdena,  tungsten,  po- 
tassium, sodium,  Sec)  liberate  one  part  of  the  oxygen,  and  absorb 
the  rest.  Acids  render  it  a  more  stable  compound.  For  example, 
when  to  diluted  peroxide  of  hydrogen,  effervescing  from  the  appli- 
cation of  an  increased  temperature,  we  add  phosphoric,  sulphuric, 
muriatic,  arsenic,  acetic,  tartaric,  citric,  or  oxalic  acid,  the  dis- 
charge of  gas  is  suspended.  Carbonic  and  boracic  acidB  do  not 
produce  this  effect,  on  account,  probably,  of  their  feeble  powers  as 
acids.  Sulphurous  and  hydriodic  acids,  and  sulphureted  hydrogen, 
decompose  the  peroxide,  and  possess  themselves  of  its  oxygen. 

The  following  substances,  when  added  to  the  concentrated  per- 
oxide, occasion  explosions  of  greater  or  less  violence ;  oxide  of  sil- 
ver, peroxide  of  lead,  peroxide  of  manganese  artificially  prepared, 
osmium,  silver,  and  platina,  the  two  last  in  the  ftnest  state  of  di- 
vision in  which  they  can  be  obtained  by  chemical  precipitation. 

Art.  2. — Hydrogen  ttnth  Chlorine. — Hydro-Chloric  or  Muriatic  JlddL 

Chlorine  and  hydrogen  gases  act  with  considerable  energy  upon 
each  other,  and  with  different  phenomena,  accordingly  as  the  ex- 
periment is  conducted. 

1.  If  a  phial  be  entirely  filled  with  a  mixture  of  hydrogen  and 
chlorine  gases  in  equal  proportions,  and  a  well  ground  stopper  be 
introduced,  no  action  takes  place,  provided  light  is  carefully  and 
completely  excluded,  even  by  standing  some  time;  but,  on  apply- 
ing a  lighted  taper,  the  gases  immediately  explode. 

2.  Let  a  jar,  Rg.  22,  a,  guarded  from  the  light,  be  half  filled  with 
chlorine  gas  and  half  with  hydrogen,  and  let  a  stout  vessel  capable 
of  holding  4  or  6  cubical  inches,  and  provided  with  a  fit  contrivance 
for  passing  an  electric  spark  through  it,  (see  page  224)  be  first  ex- 
hausted by  the  air-pump,  and  then  screwed  upon  a,  and  filled  with 
the  mixed  gases.  An  electric  spark  may  now  be  passed  through 
the  mixture,  when  a  detonation  will  ensue,  to  avoid  any  injury  from 
which  the  vessel  should  be  wrapped  in  several  folds  of  cloth.  If 
the  cock  attached  to  the  vessel  be  opened  under  mercury  in  about 
a  quarter  of  an  hour,  very  little  of  that  fluid  will  enter,  proving 
that  the  volume  of  gas  after  the  experiment  is  scarcely  diminished. 
That  it  is  diminished  at  all,  is  owing  to  a  small  portion  of  common 
air  being  mingled  with  the  other  gases;  and  it  was  found,  by  Sir 
H.  Davy,  that  the  more  perfectly  this  is  excluded,  the  less  is  the 
amount  of  the  contraction  of  volume.  If  the  cock  be  now  opened 
under  water,  and  left  there  for  a  few  minutes,  the  water  will  be  found 
to  have  ascended  and  entirely  filled  the  vessel.  Hence  a  gas  must 
have  been  generated  by  the  combustion,  which,  though  not  absorba- 
ble by  mercury,  is  condensable  by  water. 

3.  Let  a  stout  and  well  stoppered  phial,  capable  of  holding  three 
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or  four  ounce  measures^  be  filled  over  water  with  cqutl  volttmes  of 
chlorine  and  hydrogen  gases,  and  a  ground  stopper  introduced. 
Expose  it  to  the  ordinary  day-light,  guarding  it  from  the  direct 
rays  of  the  sun,  and  in  twelve  or  fourteen  hours  the  colour  of  the 
chlorine  will  have  disappeared ;  and,  on  withdrawing  the  stopper 
under  water,  the  phial  will  be  immediately  filled  with  that  fluid. 

4.  If  the  experiment  be  repeated,  with  this  difference  that  the 
phial  is  exposed  to  the  direct  rays  of  the  sun,  the  combination  will 
take  place  rapidly,  and  a  detonation  will  ensue,  which  will  proba* 
bly  drive  out  the  stopper.  But  if  this  should  not  happen,  the  stop- 
per may  be  removed  under  water,  which  will  ascend  and  completely 
fill  the  bottle,  as  in  experiment  3. 

This  efiect  of  solar  light  in  promoting  the  action  of  chlorine  and 
hydrogen  gases  on  each  other,  was  discovered  by  Gay  Lussac,  and, 
without  any  knowledge  of  his  experiments,  about  the  same  period, 
by  Mr.  Dalton.  The  agency  of  light  may  be  beautifully  shown  by 
filling  a  tube  about  half  an  inch  diameter,  and  12  inches  long,  with 
the  mixed  gases,  and  alternately  shading  it  with  an  opaque  cover, 
and  exposing  it  to  the  sun's  rays.  The  moment  the  tube  is  exposed 
even  to  the  diffused  light  of  day,  a  cloudiness  will  appear  within  it, 
and  the  water  will  ascend  more  or  less  rapidly,  according  to  the 
intensity  of  the  light.  The  effect  even  of  a  passing  cloud  is  dis- 
tinctly seen  in  retarding  the  rapidity  of  the  combination,  which  is 
rery  striking  in  the  full  solar  light.  Blue  light,  it  has  been  obser^'- 
ed  by  Seel)eck,  is  more  effectual  than  red ;  but  neither  occasions 
ihc  rapid  union  which  is  excited  by  the  direct  rays  of  the  sun.  (34 
Nicholson's  Jour.  p.  0  20.)  It  is  probabU'  that  in  this  case,  the  com- 
bination is  I'iuoured  l)y  increase  of  tiMupcrature,  for  it  has  l>een  ol)- 
served  bv  Sir  li.  Daw  tliat  a  mixture  of  chlorine  and  iivdroi:en  in- 
ilanies  at  a  much  lower  temj)erature  than  one  of  oxygen  and  hy- 
dro^^en  j^ases,  and  produois  a  more  considerable  degree  of  heal  in 
combustion,  lie  ascertained,  also,  that  the  former  mixture  will 
bear  a  much  i^reater  rarefaction  than  the  latter,  without  losinj;  its 
explosive  property.  C)x.yi;en  and  hydrogen  leases  ceased  to  explode 
when  rarefied  IS  limes,  but  chlorine  and  hydrogen  were  still  com- 
bustil)le,  when  iiurhanically  expanded  to  24  times  their  volume. 

:i.  It  hud  bei'U  su[)j)<»sed  that  the  direct  beams  of  the  sun  were 
necessary  t(»  e\  j)h>(le  a  mixture  of  chlorine  and  hyilroj^^en  };as«'s  ;  Sui 
Professor  Sillinian,  in  the  American  Journal  of  Science  \\\\.  .>40\ 
has  related  the  ac<  ideiital  explosion  of  a  mixture  of  the  j^ases,  in 
the  quaiiiit)  that  iiMed  a  I'lorence  oil  iKiNk,  not  onl)  w  hc-n  mxlinit 
solar  li|;ht  fell  upon  it,  but  when  the  ditVuse  lij^ht  of  day  was  ren- 
dered more  feeble  than  (ommoti  bv  a  thick  snow  storm.  This  fa(  I 
furnishes  a<auiion  ai:;ainst  mixini;^  the  two  j^ases  in  considera'jle 
ijuantities. 

(i.  Mr.  Hraiuli' found  ;l*hil.  Trans.  I iS '20)  that  the  intense  lii^hu 
issuing;  from  charcoal  [)()inis  connecieil  with  a  j)owerfuI  ^^ahaiiic 
l»altery,  w  as  as  etVeclual  as  solar  lij^hl  in  acting  on  h\dro(^enand 
chlorine  j;as<'s,  and  causini;  them  to  detonate;  but  he  <  ould  not 
produce  an  analoi^ous  elVei  t  by  any  other  terrestrial  light.      TIk 
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moon's  rays,  also,  he  found  to  be  quite  inefficient  on  a  mixture  of 
these  two  gases.       ^ 

liuriatic  or  Hydroehhric  Add  Ga$* 

When  one  volume  of  hydrogen  gas  has  been  made  to  combine, 
either  silently  or  explosively,  with  one  volume  of  chlorine,  the  pro- 
duct is  two  volumes  of  a  new  gas,  differing  essentially  from  either 
of  its  components,  and  especially  in  being  instantly  absorbed  by 
water.  To  preserve  it,  therefore,  in  a  gaseous  state,  it  is  neces- 
sary to  confine  it  by  quicksilver.  At  all  common  temperatures  and 
Sressures,  it  is  permanent  in  this  form ;  but  it  was  generated  by 
Ir.  Faraday  in  close  tubes  from  muriate  of  ammonia  and  sulphu- 
ric acid  in  a  liquid  state.  Its  refractive  power  was  then  found  equal 
to  that  of  liquid  nitrous  oxide,  but  inferior  to  that  of  water.  The 
pressure  of  its  vapour  at  50^  Faht.  was  equal  .to  about  40  atmo- 
spheres. 

As  the  elements  of  the  new  gas  unite  without  condensation,  its 
specific  gravity  must  necessarily  be  the  mean  between  those  of  its 
components,  which,  taking  hydrogen  at  0.0694,  and  chlorine  at 
2.500,  is  1.2847,  a  number  almost  exactly  agreeing  with  the  expe- 
rimental result  of  Dr.  Thomson.  Admitting  then  the  relative 
weights  of  hydrogen  and  chlorine  under  equal  volumes  to  be  as  1 
to  36,  and  that  hydrochloric  acid  gas  is  constituted  of  an  ■torn  of 
each,  the  compound  atom  will  be  equivalent  to  37,  or  to  46LS5|  oxy- 
gen being  10. 

To  obtain  hydrochloric  acid  gas  in  sufficient  quantity  for  the  ex- 
hibition of  its  properties,  the  direct  combination  of  chlorine  and 
hydrogen  gases  is  not  an  eligible  process.  It  may  be  procured 
much  more  conveniently  in  the  following  manner.  Let  the  tubu- 
lated gas  bottle  (plate  ii.  fig.  IT)  be  about  one-fourth,  or  one-third, 
filled  with  well-dried  chloride  of  sodium  (common  salt^  in  lumps, 
not  in  powder.  To  this  adapt  the  acid-holder,  filled  with  concen- 
trated sulphuric  acid,  and  let  the  aperture  of  the  bent  pipe  termi-  " 
nate  under  a  jar  filled  with,  £^nd  inverted  in,  quicksilver.  Open 
the  communication  between  the  acid  and  the  salt,  by  turning  the 
cock;  and  immediately  on  the  contact  of  these  two  bodies  an  im- 
mense quantity  of  muriatic  acid  gas  will  be  disengaged.  A  com- 
mon or  tubulated  gas  bottle,  or  tubulated  retort,  will  answer  suffi- 
ciently well  for  procuring  the  gas.  The  first  portions  that  come 
over  may  be  allowed  to  escape  under  a  chimney;  because  they  are 
contaminated  by  the  admixture  of  common  air  present  in  the  bot- 
tle. The  subsequent  portions  maybe  preserved  for  use;  and  the 
pure  gas  will  exhibit  the  following  qualities: — 

(a)  It  has  a  very  pungent  smell;  and  is  sufficiently  caustic  to 
blister  the  skin,  when  applied  to  it  for  some  timo^ 

(Jb)  When  brought  into  contact  with  common  air,  it  occasions  a 
white  cloud.  This  is  owing  to  its  union  with  aqueous  vapour,  which 
is  always  present  in  the  atmosphere. 

(c)  It  extinguishes  a  lighted  candle.    Before  the  flame  goes  out, 
the  upper  part  of  it  assumes  a  greenish  hue,  the  cause  of  which 
Vol.  I.  II  h 
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ha*  not  yet  been  explained.  A  vhite  vapour  also  surroutidt  tbe 
cjtlinijwUlied  wick,  owin^  to  (he  combinati^  or  watrr,  pnxluccd 
by  the  combustion  of  the  candle,  with  the  muriatic  nctil  km. 

(d)  It  in  heavier  thnn  common  air.  (}ay  Luisiac  ataica  its  sped- 
ciiic  gravity  at  1.278,  ami  huiice  100  cubic  inches  weigh,  as  neariy 
ai  pDH!)ible.  39  grains  ;  according  to  Sir  H.  Davy  hrtwccn  S!)  and 
■10;  or  to  Mr,  Brandc  38.fl.  Biot  and  Arago  make  in  Kpecific  jra- 
vily,  by  rxpefimcnl,  1.3474,  or,  by  calculation,  1.3503.  Dr.Thom- 
M>n  finds  it,  by  experiment,  1.384366.  (First  Princ  of  Chen.  L 
78.) 

(*)  When  a  succession  of  electrical  discharges  is  panMtd  throng 
muriatic  acid  gas  in  contact  only  with  glass,  by  means  of  an  ap- 
paratus which  !  have  described  in  the  PhSl.  Trans-  for  1812,  the 
gas  is  partly  resolved  into  its  elements  and,  after  taking  out  the 
uncle  cum  posed  muriatic  acid  gas  by  a  frw  drops  of  water,  we  fiwl 
a  residuum  of  chlorine  and  hydrogen  gases,  in  tjuantiiy  imtct  ex- 
ceeding ^  the  bulk  of  the  original  gas.  Wlit'n  the  diacagl^cd 
gases  rise  above  ibis  proportion,  they  re-combine  and  form  muria- 
tic acid  again.  If  the  experiment  be  made  over  mercury,  the  vo- 
lume of  the  gases  is  diminished ;  the  presence  of  chlorine  is  ren- 
dered evident  by  its  effect  on  tbe  surface  of  that  fluid;  ant!  hydro- 
gen gas  remains,  equivalent  in  volume  to  I-14ih  or  l-t6th  the  mu- 
riatic kcid  gas. 

(/}  When  a  mixture  of  oxygen  and  muriatic  acid  gasc*  is  either 
eteclFificd,  or  transmitted  through  a  red-hot  porcelain  tube,  the 
oxygen  unites  with  ihc  hydrogen  of  the  acid,  and  tbe  chlorine  of 
the  latter  is  set  at  liberty.  A  similar  mixture  I  find  also  is  dfcom- 
poaed  by  being,  exposed,  at  a  temperature  of  !U0°  FahL,  to  contact 
with  the  platinum  sponge.  Water  is  formed,  and  the  disciigaged 
chlorine  acts  on  the  mercury  used  to  confine  the  gaa.  (PhiL  Trans. 
1824.) 

(g)  Potassium,  by  being  heated  in  muriatic  acid  ^aa,  liberates 
one  third  its  volume  of  hydrogen.  Heated  zinc  and  tin  disengage 
a  volume  of  hydrogen  equal  to  one  half  that  of  the  muriatic  acid 
gas,  and  chlorides  of  those  metals  are  obtained.  (Davy,  PhiL  Trans. 
1810.) 

(^)  Charcoal,  even  when  ignited  to  whiteness  by  Voltaic  eleclri- 
clty  in  muriatic  .acid  gas,  causes  no  change,  if  the  gas  be  previoua- 
ly  deprived  completely  of  moisture. 

(t)  Muriatic  acid  gas  effects  the  liquefaction  of  a  piece  of  ice, 
almost  as  rapidly  as  it  would  be  melted  by  a  red  hot  iron. 

(k)  This  gas  is  very  rapidly  absorbed  by  water.  A  drop  or  two 
of  water,  admitted  to  a  large  jar  full,  causes  tbe  whole  instantly  to 
disappear.  According  to  Mr,  Kirwan,  an  ounce  measure  troy  of 
water  absorbs  800  cubicd  inches  (i.  e.  431  times  its  bulk)  of  mu- 
riatic acid  gas;  and  the  IJtiuid  obtained  exceeds,  by  about  one- 
third,  the  original  volume  of  the  water.  Sir  H.  Davy  (Elements, 
p.  £52.)  found  Ihat  at  40"  Fahr.  Mater  absorbs  about  480  times  iu 
bulk  of  muriatic  acid  gas,  and  forms  a  solution  of  specific  gravity 
1.SI09.  Unc  hundred  grains  of  this  acid,  decomposed  by  nitrate 
of  silver,  indicated  40.8  of  kcid  gas  to  have  been  condcnied  in  iu 
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Dr.  Thomson  states  (First  Princ  of  Chem.  L  85,)  that  at  69°  F. 
one  cubic  inch  of  water  absorbs  417.822  cubic  inches  of  muriatic 
acid,  and  its  Tolume  become  1.3433  cubic  inches.  Hence  100  grains 
of  this  acid  contain  103  cubic  inches  of  gas.  Its  specific  gravity 
is  1.19589  and  it  consists  of  40.39  real  acid  +  59.61  water. 

It  is  in  this  state  of  watery  combination  that  muriatic  acid  is 
kept  for  chemical  purposes,  and  all  the  processes  for  preparing  the 
liquid  acid  have  tor  their  object  the  disengagement  of  muriatic 
acid  g^s,  and  its  absorption  by  water.  This  may  be  effected  in  the 
following  manner. 

Proce$i  far  preparing  lAqtdd  Hydroddoric  or  Muriatic  Add. 

Into  a  tubulated  retort,  placed  in  a  sand-bath,  put  eight  parts  of 
dried  chloride  of  sodium  (common  salt) ;  and,  to  the  tubulure,  lute 
the  bent  tube  (fig.  26,  a,)  with  fat  lute.  To  the  neck  of  the  retort, 
affix  a  tubulated  receiver,  (fig.  30,  6,)  by  means  of  the  same  lute; 
and  to  the  aperture  of  this  adapt  a  tube,  twice  bent  at  right  angles, 
and  furnished  with  Welter's  contrivance  for  preventing  absorption 
(fig.  31,6,)  the  longer  leg  of  which  terminates  beneath  the  surface 
of  water  contained  in  a  two-necked  bottle.  From  the  other  neck, 
let  a  second  right-angled  pipe  proceed ;  and  this  may  termiiutte  in 
a  similar  manner,  in  a  second  bottle  containing  water ;  the  total 
quantity  of  which,  in  all  the  bottles,  may  be  five  or  six  parts.  Let 
the  junctures  be  all  carefully  luted ;  and,  when  they  are  sufficiently 
hardened,  pour  very  gradually,  through  the  bent  tube,  six  and  a 
half  or  seven  parts  by  weight  of  strong  sulphuric  acid,  making  the 
additions  at  several  distant  intervals.  On  each  affusion  of  the  acid, 
a  large  quantity  of  muriatic  acid  gas  will  be  liberated,  and  will  be 
absorbed  by  the  water  of  the  first  bottle,  till  this  has  become  satu- 
rated. It  will  then  pass  on  to  the  second  bottle,  and  be  there  con- 
densed. The  water  employed  may  amount  to  two-thirds  the  weight 
of  the  salt,  and  may  be  equally  distributed  between  the  two  bottles. 
These  it  is  better  to  surround  with  cold  water,  or,  still  preferably, 
with  ice  or  snow ;  because  the  condensation  of  the  gas  evolves  con- 
siderable heat,  which  prevents  tht;  water  from  attaining  its  full  im- 
pregnation. When  the  whole  of  the  sulphuric  acid  has  been  add- 
ed, and  the  gas  no  longer  issues,  let  a  fire  be  lighted  in  the  furnace, 
beneath  the  sand-bath,  removing  the  bent  tube  a,  and  substituting 
a  well-ground  glass  stopper.  This  will  renew  the  production  of 
gas ;  and  the  temperature  must  be  preserved  as  long  as  gas  conti- 
nues to  be  evolved.  At  this  period  it  is  necessary  to  keep  the  lut- 
ing, which  connects  the  retort  and  receiver,  perfectly  cool ;  other- 
wise it  will  be  apt  to  melt.  To  this  juncture,  indeed,  I  prefer  the 
application  of  the  clay  and  sand  lute ;  but  it  should  be  suffered  to 
become  completely  hard  before  the  process  is  begun.  Towards  the 
close  of  the  process,  a  dark-coloured  liquid  is  condensed  in  the  first 
receiver,  consisting  of  a  mixture  of  sulphuric  and  muriatic  acids. 
When  nothing  more  comes  over,  the  operation  may  be  suspended, 
and  the  liquid  in  the  two  receivers  must  be  preserved  in  bottles 
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with  ground  stoppers.  It  consists  of  liquid  muriatic  or  hydrochlo- 
ric acid. 

The  liquid  muriatic  acid  may  also  Jju  obluineil  by  diluting  the 
kulphuric  acid  with  the  water  necessary  for  llic  00Dtfeii>iatiun  of  the 
gu,  and  adding  the  dilute  acid,  when  cold,  to  ihl^  call  in  the  retort. 
To  the  retort  an  adopter  may  be  united  with  ihc  clay  ami  Hand  lute, 
and  this  may  terminate  in  a  large  tubulated  receiver,  Cnim  the  aper- 
ture of  which  a  right-angled  Welter'*  tul)c  is  conveyed  beneath  a 
few  ounces  of  water,  contained  in  a  two-necked  bottle.  A  fii-o  muai 
then  be  lighted  under  the  sand-bath,  and  continued  as  long  ai  any 
liquid  comes  over.  The  adopter  and  receiver  must  be  kept  cool  by 
the  constant  application  of  moistened  cloths. 

The  proportions  directed  by  the  London  College  of  Phyatcians, 
in  their  Pharmacopoeia  of  1824,  are  two  pounds  iroy  of  dried  chlo- 
ride of  sodium,  £0  ounces  troy  of  sulphuric  acid,  and  a  pint  and  i 
half  of  distilled  water.  The  acid  is  directed  to  be  mixed  with  half 
A  pint  of  water  in  a  glass  vessel,  and  to  these,  when  cold,  the  chlo- 
ride of  sodium  is  to  be  added.  The  remainder  of  the  water  is  to 
be  put  into  a  receiver;  and  a  retort  being  adapted  to  it,  and  placed 
in  a  sand-bath,  the  muriatic  acid  is  to  be  distilled  into  the  water, 
at  a  temperature  gradually  raised  till  the  sand-bath  becomes  t^- 
hot.  Mr.  K.  Phillips  finds  it  more  convenient  to  mix  ihc  sulphuric 
acid  and  water  in  a  separate  vessel  than  in  the  retort;  to  introduce 
thesaltiSrst,  and  to  pour  the  acid  upon  It;  and  to  put  Iciut  water 
Into  tlfe  receiver,  and  more  into  ibi-  utMCi. 

If  the  muriatic  acid,  thus  obiciin.-l,  -hunl-l  ,„niain  sulphuric 
acid,  which  may  be  discovered  by  muriate  of  baryta  occasioning 
a  white  precipitate,  the  acid  is  to  be  re-distilled  from  a  fresh  por- 
tion of  common  salt.  When  prepared  by  Woulfe's  apparatus,  the 
product  in  the  second  bottle  is  always  perfectly  pure. 

The  acid,  formed  by  the  process  of  the  College,  has  the  specific 
gravity  of  about  1.160,  and  100  grains  arc  saturated  by  124  of 
crystallized  aubcarbonate  of  soda.  That  of  commerce  is  generally 
about  1>  156 ;  but,  by  Woulfe's  apparatus,  and  especially  when  the 
bottles  are  surrounded  by  ice  or  snow,  it  approaches  the  sp.  gr. 
1.500.  The  weaker  acid,  however,  which  has  been  mentioned  (m*. 
1.160  or  thereabouts),  is  best  adapted  for  keeping;  for  the  denser 
kind  emits  a  large  quantity  of  fumes,  which  are  extremely  incon- 
venient in  a  laboratory,  besides  being  injurious  to  all  metallic  instru- 

Thc  theory  of  this  process  has  been  explained  by  Mr.  Phillips, 
with  the  aid  of  the  following  diagram.  Chloride  of  sodium  is  a 
compound  of  36  chlorine  and  24  of  the  metallic  body  sodium;  li- 
quid sulphuric  acid  couists  of  40  parts  of  dry  acid  and  9  of  wa- 
ter, the  water  being  coi^sed  of  1  hydrogen  and  8  oxygen.  Whea 
these  substances  act  upon  each  other,  the  water  and  chloride  of 
sodium  are  both  decomposed;  I  of  hydrogen  uniting  with  56 of 
chlorine,  constitute  together  37  ofmuriatic  acid  gas;  and  8  of  oxf- 
gcn  with  24  of  sodium  form  32  of  soda,  which,  uniting  with  40 
parti  of  dry  sulphuric  afid,  compose  72  of  dry  sulphate  of  soda. 
The  i7  parts  of  muriatirticid  gas,  combining  with  the  water  vsed 
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to  dilute  the  acid,  rises  with  it  in  viipoar,  and,  with  the  cxceptioii 
of  a4>ortion  which  always  escapes,  is  found  in  the  receiver  in  the 
state  of  liquid  muriatic  acid.  (Phillips's  Trans.,  of  the  Pharmacop. 
of  1824,  p.  2&) 


\i 


60  Chloride 
of  Sodium. 


37  Muriatic  acid  gas, 
A 


36  Chlorine.     1  Hydrogen. 

8  Oxygen. 

9  Water. 
24  Sodium. 

8  Oxygen.     40  dry  Sul- 
—  phuric  Acid. 

32  Soda. 


49  Liquid 
>Sulphuric 
Acid. 


72  dry  Sulphate  of  Soda. 

Liquid  muriatic  acid  has  the  following  properties  : 

1.  It  emits  Vhite  suffocating  fumes.  These  consist  of  muriatic 
acid  gas,  which  becomes  visible  by  contact  with  the  moisture  of 
the  air. 

2.  When  heated  in  a  retort,  or  gas  bottle,  muriatic  acid  gas  is 
disengaged,  and  may  be  collected  over  mercury. 

3.  Laquid  muriatic  acid  is  not  decomposed  by  the  contact  of  char- 
coal, essential  oils,  or  other  combustible  bodies. 

4.  When  diluted  with  water,  an  elevation  of  temperature  is  pro- 
duced, much  less  remarkable,  however,  than  that  occasioned  by  di- 
luting sulphuric  acid;  and,  when  the  mixture  has  cooled  to  its 
former  temperature,  a  diminution  of  volume  is  found  to  have  en- 
sued. The  capacity  of  the  diluted  acid  for  heLt  Dr.  Ure  has  found 
to  be  less  than  the  mean  capacity  of  the  strong  acid  and  of  water, 
which  sufficiently  accounts  for  the  increased  temperature.  (Ann.  of 
PhiL  X.  273.) 

5.  In  a  perfectly  pure  state,  liquid  muriatic  acid  is  quite  colour- 
less; but  it  has  frequently  a  yellowish  hue.  This  may  proceed  either 
from  a  portion  of  chlorine  or  of  muriate  of  iron,  but  most  com- 
monly of  the  latter.  This  colour  is  instantly  destroyed  by  a  few 
drops  of  muriate  of  tin ;  but  this  addition,  instead  of  diminishing, 
obviously  increases  the  impurity  of  the  acid. 

6.  Muriatic  acid  combines  readily  with  alkalies,  and  with  most 
of  the  earths,  bo£h  in  their  pure  and  carbonated  states. 

7.  Liquid  muriatic  acid  is  specifically  heavier  than  water.  In 
winter.  Dr.  Thomson  states,  it  may  be  obtained  of  sp.  gr.  1.212. 
When  of  sp.  gr.  1.203,  it  contains  40.659  per  cent,  real  acid;  and 
is  constituted  of  6  atoms  water,  and  1  i^tom  of  acid ;  but  it  can  be 
with  difficulty  kept  of  such  strength  io  warm  weather.  Its  boil- 
ing point,  indeed,  is  not  higher  than  107**  F.  when  of  that  density. 
The  correspondence  l)etween  the  specific  gravity  and  the  quantity 
of  real  acid,  which  liquid  muriatic  acid  contains,  is  shown  by  the 
following  Table,  given  by  Sir  H.  Davy  in  his  Elements  of  Chemir 
cal  Philosophy.     It  is  constructed  from  experiments  made  with 
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Tablf  showing  Hie  Qiumtily  of  rtal  ^ciil  in  Lu/UU  Muriatic  AtM  ^ 
dijfrrenl  i)>ec!fic  Ormnlies.   (Temp.  45^  fbkr.  Barom.  30.) 


Specfic 

lOO^^r^mconuinof 

Sptclfic 

i™gr«™co»t.;i,af 

Gravity. 

Mtinilic  Add  Uu. 

Uraviiy. 

Munatic  Acid  Gm. 

1.21 

4^4^ 

1.10 

2a  30 

1.30 

40.80 

1.09 

18.18 

1.19 

38.38 

1.08 

iai6 

1.18 

36.36 

i.or 

14.14 

1.17 

S4.34 

1.06 

12.18 

1.16 

32.32 

J. 05 

la  10 

1.15 

30.30 

1.04 

8.08 

1.14 

S8.S8 

1.03 

6.06 

1.13 

36.26 

1.03 

4.04 

1.12 

24.34 

I.Ol 

aoa 

l.ll 

32.3 

Dr.  Thomson  also  has  given  the  foUowine  Tablci  ahowin);  the 
spcciiic  gravities  of  lic|uid  muriatic  actilof  diRcrcRt  densities.  Ma- 
riaticuid,  he  observes,  composed  of  1  atom  acid,  and  16  atom* of 
vrat6l!^  or  that  which  contsuns  30.443  per  cent,  of  n-ul  acid,  tieeau 
tu  be  llif  most  intimate  combination  of  aeiil  and  «- jIcj  ;  f'.>r  ill  boil- 
ing point,  according  to  Dalton,  is  a  maximum,  being  332°,  while 
acid,  either  stronger  or  weaker,  boils  at  a  lower  temperature.  (First 
Princ  of  Chem.  i.  87.) 

T<AU  exhibilmg  Ike  Specific  Gravity  of  MunaAe  Add 
of  delemUnate  alrengt/u. 


Atoms  of 

Atom,  or 

Re.lAcid 

Spmfie 

Acid. 

Water. 

in  100. 

GnTitj. 

6 

40.659 

1.203 

7 

37.000 

1.179 

8 

33.949 

1.16S 

9 

31.34« 

1.149 

10 

29.134 

1.139 

11 

37.306 

1.1385 

12 

25.517 

1.1197 

13 

34.036 

1.1137 

14 

22.700 

1.1060 

15 

31.512 

1.1008 

16 

20.442 

1.0960 

17 

19.474 

1.0902 

18 

18.590 

1.0860 

19 

17.790 

1.0820 

SO 

17.051 

1.0780 
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According  to  Mr.*Faraday  (on  Chemical  Manipulation,  sect.  606,) 
if  we  multiply  by  0.74  the  number  of  grains  of  marble  dissolved  by 
any  given  quantity  of  muriatic  acid,  the  product  will  show  the 
numbier  of  gralat  of  dry  or  rea(  acid,  by  which  the  carbonate  of 
lime  has  been  dlitolved. 

8.  When  liquid  muriatic  acid  is  brought  into  contact  with  any 
substance  containing  oxygen  in  a  state  of  loose  combination,  the 
hydrogen  of  the  acid  unites  with  the  oxygen,  and  forms  water,  while 
the  chlorine  is  liberated  in  a  gaseous  state.  It  is  in  this  way  that 
chlorine  is  procured  for  the  purposes  of  chemistry  and  the  arts ; 
but,  instead  of  liquid  muriatic  acid,  it  is  usual  to  substitute  mate- 
rials capable  of  furnishing  the  acid  gas,  (viz.  common  salt,  sulphu- 
ric acid,  and  oxide  of  manganese,)  as  already  described  in  the  chap- 
ter on  chlorine. 

On  the  TTieories  which  have  prevailed  respecting  Clilorine  and  MuriaHe 

Add. 

There  are  Cew  subjects,  respecting  which  the  opinions  of  chemists 
have  undergone  such  frequent  changes,  as  concerning  the  nature 
of  chlorine  and  of  muriatic  acid.  The  view  originally  taken  by 
Scheele,  the  illustrious  discoverer  of  the  former  substance,  was, 
that  the  muriatic  acid  is  compounded  of  a  certain  base  and  an  imagi- 
nary principle  CB\\ed  phlogiston ;  and  that  by  the  action  of  certain 
bodies  it  became  dephlogisticated^  or  deprived  of  that  supposed  prin- 
ciple of  inflammability.  (On  Manganese,  sect,  xxiii.  xxiv.)  It  was 
afterwards  found,  however,  that  all  bodies,  which  are  capable  of 
producing  this  change  in  muriatic  acid,  contain  oxygen,  and  that 
their  proportion  of  oxygen  is  diminished  by  the  process.  It  ap- 
peared, therefore,  to  be  an  obvious  conclusion,  that  what  takes 
place  in  the  action  of  metallic  oxides  on  muriatic  acid  is  simply 
the  transference  of  oxygen  from  the  oxide  to  the  acid ;  and,  con- 
formably with  this  theory,  the  resulting  gas  received  the  name 
of  oxygenated  muriatic  or  oxymuriatic  acid.  Sir  II.  Davy  was  led, 
by  his  earlier  experiments,  to  modify,  in  some  degree,  this  view  of 
the  theory  of  the  process ;  and  to  consider  the  muriatic  acid  as  a 
compound  of  a  certain  basis  with  water,  and  the  oxymuriatic  as  a 
compound  of  the  same  basis  with  oxygen.  This  modification  was 
suggested  by  the  fact,  that  when  a  metallic  oxide  is  heated  in  mu- 
riatic gas,  oxymuriatic  acid  is  obtained,  and  water  appears  in  a  se- 
parate state.  It  was  evident,  therefore,  that  muriatic  acid  gas  must 
either  contain  water  ready  formed;  or  the  elements  of  water;  or 
hydrogen,  capable  of  composing  water  with  the  oxygen  of  the  ox- 
ide. But,  at  a  subsequent  period,  the  same  distinguished  philoso- 
pher was  induced,  by  the  experiments  of  Gay  Lussac  and  Thenard^ 
as  well  as  by  his  own  researches,  to  form  a  diflerent  theory  on  the 
subject^  and  to  regard  the  so  called  oxymuriatic  acid  as  a  simple 
or  undecompounded  substance;  and  muriatic  acid  as  a  compound 
of  that  simple  substance  with  hydrogen.  To  convert  the  muriatic 
acid  into  chlorine,.we  have  only,  according  to  this  view,  to  abstract 
hydrogen  from  the  muriatic  acid;  and  this,  it  is  l)elicvcd,  is  all  that 
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is  rffcctcd  by  the  action  of  those  metallic  oxides,  which  an  adant 
cr]  to  tlir  purpose.  A|<;ain,  to  convert  chlorine  Into  muriatic  acU. 
wp  have  only  to  coinbine  it  with  hydropcii ;  and  arcordinffly  the 
almpk-  mixture  of  one  measure  of  each  of  thnse  g<ucs,wh<ni  rxpoa- 
cd  lor  a  short  lime  to  the,  sun":!  ray*,  or  rjiploded  hy  an  electric 
apnrk,  nflbrtls  tuo  measures  of  muriatic  acid  i^a. 

Chlorine  (ns  Sir  li.  Davy  proposed  to  call  it,  in  order  to  avoid  aD 
coiineiLiuTi  of  its  uame  wilb  hypothcticul  views)  is  now  universally 
admitted  to  unite  at  once  with  the  metulii,  wiihoui  r4!(|uiring,  liVe 
the  aulphuric,  citric,  and  other  acids,  that  the  rnclalu  thauld  fir»l 
be  In  the  atate  of  oxides.  In  proof  of  this,  it  i»  suflicicntly  eata- 
blishcd.  that  no  oxygen  can  be  obtained  either  alone,  or  in  a  state 
of  combination  with  combustible  bodies  added  for  the  purpose,  from 
perfectly  pure  compounds  of  chlorine  and  metal».  The  analyaea, 
however,  of  the  metallic  muriates,  as  they  were  formerly  conaider- 
ed,  remain  unitni>eachcd  by  this  change  of  theory.  All  that  ii  ne- 
cessary lo  transmute  in  ideaamuriale  into  a  compound  of  chlorhtc 
is  to  deduct  the  nxyi^-n  from  the  metallic  uxide;  and.  adding  it  to 
the  muriatic  acid,  to  consider  the  sum  as  chlorine.  For  example, 
mnriale  of  soda,  deprived  of  all  water,  consists, 

On  ihi- old  theory,  of  muriatic  acid      -    -    -     46.7     -     -    28 

S„,Uro„,,„„d„r-      {fX,;      :     ii'l    53.3    .     -     M 
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■w  Ihforv,  chloride  ofsodiun 
Sodium      ■    ...     40 
Chlorine    ...    -    66 


On  the  discarded  theory  of  oxymuriatic  acid,  that  supposed  com- 
{)ound  was  staled  to  be  constituted  of  3  volumes  of  muriatic  acid 
gaa  +  i  volume  of  oxygen  condensed  into  2  volumes,  and  by  weight 
of 

Oxygen     ....     22.22     -    -    -       8 
Muriatic  acid     -     -     77.78     -     -     -     88 

lOa  36 

Accordingto  this  view,  the  atom  of  dry  muriatic  acid,  (hydrogm 
being  unity,  and  oxyt^en  S,)  would  be  equivalent  to  28;  and  this 
+  8(1  atom  of  oxygen)  would  give  36  for  the  atom  of  oxy  muriatic 
acid.  The  latternumber,  indeed,  still  represents  the  atom  of  chlo- 
rine, as  deduced  from  the  fact  that  it  unites  with  an  equal  voluroc 
of  hydrogen  gas.  and  is  36  limes  specifically  heavier  than  that  in- 
flammable gas.  We  may  consider,  then,  6()  parts  of  common  sail 
aa  composed  of  28  parts  dry  muriatic  acid  and  32  parts  of  aoda 
(  K  24  sodium  and  8  oxygen),  according  to  the  nld  view  ;  or  of  34 
•odium  +  36  chlorine,  according  to  the  new  theory. 

It  is  remarkable  that  there  is  hardly  any  fact,  connected  with  the 
(^■nical  history  of  chlorine  and  muriatic  acid,  Jthat  does  Doladnit 
OTVcing  almost  equally  well  explained  upon  the  hypothcaia  that 
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line  is  a  compound,  as  upon  that  of  its  being  a  simple  substance. 
be  whole,  however,  the  weight  of  evidence  is  decidedly  in  fa- 
of  the  new,  or  rather  the  revived  opinion  of  its  elementary  na- 
especially  since  the  discovery  of  iodine ;  and  I  have  no  scruple^ 
ifore,  in  adopting  it,  as  affording  the  most  simple  and  satis- 
ry  explanation  of  phenomena,  as  well  as  the  best  ground-work 
perspicuous  arrangement  of  the  objects  of  chemistry** 

Art.  S.'^Bydrogen  vnth  Iodine, — Hydriodic  Add. 

le  afEnity  of  iodine  for  hydrogen  is  very  strong,  and  it  unites 
hydrogen  gas,  and  detaches  hydrogen  from  several  of  its  com- 
.ions»  uTordlng,  as  the  result,  a  distinct  and  well  characterized 

iodine  be  heated  in  dry  hydrogen  gas,  an  expansion  of  volume 
i  place;  an  acid  gas  is  formed,  which  is  very  absorbable  by 
r,  and  acts  so  much  on  mercury  that  it  cannot  be  preserved 
over  that  metal.  A  similar  gaseous  compound  is  formed  by 
sing  iodine  to  sulphuretcd  hydrogen  gas.  But  the  acid  gas 
St  prepared  in  quantity,  by  the  action  of  16  parts  of  moistened 
le  and  1  part  of  phosphorus  on  each  other,  the  mixture  being 
lied  in  a  retort.  The  gas  may  be  received  into  a  vessel  filled 
common  air,  which  it  expels  by  its  superior  gravity.  Gay 
;ac  recommends,  instead  or  a  retort,  a  small  bent  tube,  which, 
putting  the  iodine  into  it,  is  to  be  inverted  over  mercury;  the 
^hich  it  contains  is  to  be  expelled  by  a  glass  rod,  that  almost 
.ts  capacity;  and  tlic  phosphorus  is  to  be  brought  into  contact 
the  iodine,  by  introducing  it  through  the  mercury.  As  soon 
e  contact  takes  place,  the  acid  gas  is  disengaged,  and  may  be 
cted  by  putting  the  ppen  end  of  the  tube  under  a  glass  jar 
ling  inverted  in  mercury. 

ircet  recommends  another  process  as  greatly  preferable  for  ob- 
ng  hydriodic  acid  gas.  It  is  founded  on  the  property  which 
e  has  of  decomposing,  at  a  gentle  heat,  one  part  of  the  water 
e  hypophosphorous  acid,  and  attracting  its  hydrogen,  at  the 
:  time  carrying  the  phosphorus  to  its  maximum  of  oxidation, 
this  purpose  the  acid  must  be  cai^fully  heated  just  to  the  point 
«  it  allows  phosphureted  hydrogen  to  escape  from  it,  and 
'e  it  contains  no  more  water  than  is  essential  to  its  composition, 
then  poured,  thus  concentrated,  into  a  small  tube,  and  an  ecjual 
ht  of  iodine  is  added.  By  a  gentle  heat,  hydriodic  acid  gas 
oduced  abundantly,  viz.  in  the  proportion  of  about  12  cubic 
iS  from  every  10  grains  of  acid,  and  of  such  purity  as  to  be  en- 
f  absorl)abk'  by  wutor.  (Ann.  de  Ch.  ct  de  I'hys.  xxxvii.  220.) 
3  sooner  docs  the  hydriodic  acid  gas  come  into  contact  with 

lie  reader  who  wishes  to  examine  fully  the  evidence  for  both  opinions,  is 
cd  to  the  controversy  betuccn  Drs.  Murray  and  J.  Davy,  in  the  34th  voliimc 
chol*»on*s  Joiiriial ;  to  Sir  H.  Davy's  paper  in  the  Phil.  Trana.  for  1818,  p. 
to  the  8lh  vohinic  of  Tmns.  of  the  Royal  Society  of  E<Unburgh  ;  the  An- 
if  Philosopliy,  \ii.  ri79,  and  \iii.  26,  :285;  and  to  a  paper  by  Mr.  K.  PbiUipfl* 
\  new  acnes  of  tliat  work,  vol.  i.  p.  27,  on  the  action  of  chlorides  on  water. 
Vol.  I.  I  i 
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mercury,  than  it  begins  to  be  decomposed ;  and,  if  the  contact  be 
prolonged  a  sufficient  time,  or  agitation  be  used,  the  decomposition 
IS  complete.  The  iodine  unites  with  the  mercury ;  and  there  re* 
mains  nydrogen  gas,  in  volume  exactly  one  half  that  of  the  acid 
gas.  It  is  decomposed,  in  a  similar  manner,  by  all  metals,  except 
gold  and  platinum. 

The  acid  gas  is  colourless,  its  taste  is  very  sour,  and  its  smell 
resembles  that  of  muriatic  acid  gas.  Its  specific  gravity  was  found 
by  experiment  to  be  4.443 ;  by  calculation  it  should  have  been  4.428. 
Compared  with  hydrogen,  its  specific  gravity  is  62.5  to  1.  100 
cubic  inches  weigh  133.6  grains. 

The  acid  gas  is  rapidly  decomposed  by  being  heated  in  contact 
with  oxygen  gas,  which  detaches  the  hydrogen.  Chlorine  also  in- 
stantly deprives  it  of  hydrogen,  and  produces  muriatic  acid  gas; 
and  the  iodine  re-appears  in  the  form  of  a  beautiful  violet  vapour. 
When  mixed  with  proto-phosphureted  hydrogen,  both  gases  are 
condensed  into  while  cubical  crystals,  which  are  volatilized  at  a 
moderate  heat  without  fusion  or  decomposition.  (6  Ann.  de  Chim. 
et  Phys.  305.)  The  acid  gas  is  composed,  by  weight,  according 
to  Gay  Lussac,  of  100  iodine  and  0.849  hydroeen;  but,  correcting 
the  specific  gravity  of  hydrogen  gas  to  0.0694,  its  true  composition 
will  be,  by  weight. 

Hydrogen 1 

Iodine      -------     125 

Weight  of  its  atom     -    -    -     126 

Taking  the  specific  gravity  of  the  vapour  of  iodine  at  8.6111, 
and  that  of  hydrogen  at  0.0G94,  Dr.  Thomson  makes  the  sp.  j^r. 
of  hydriodie  j^as  the  mean  of  those  two  numl)ers,  or  4.340:27  ;  and 
its  atomic  weight  he  fixes  at  15.6-25,  cqui-vaient  to  125  on  the  hydro- 
gen scale* 

Hi/drioiiic  ^^cid  Gas  is  plentifully  absorbed  by  water;  the  solution 
is  fuming,  and  has  the  density  of  1.7.  To  prepare  this  licjuid  in 
quantity,  (iay  Lussac  recommends  to  put  powdered  iodine  into  wa- 
ter, and  to  pass  sulphureted  hydro.ii^en  j;as  through  the  mixture. 
The  hydrogen  unites  with  the  iodine,  and  the  sulphur  is  precipitat- 
ed; but,  according  to  Serrulas  (Ann.  de  Ch.  ct  de  Phys.  xx.  ltio\ 
not  completely.  The  li([uid  may  be  concentrated  by  evaporation. 
Till  it  attains  the  temperature  of  ^257'',  water  only  distils;  abti\c 
this  point,  the  acid  itself  is  volatilized,  and  remains  stationary  at 
aOvJl'.  its  density  hcin^;  then  1.7. 

The  rnjuid  acid  is  slowly  decomposed  by  contact  with  air,  its  hy- 
dro^^n-n  biini;  attrat  ird  by  tin-  oxy^^rn  of  the  atmosphere,  and  a  por- 
tion of  iodine  liberated,  which  gi\es  the  \'u\uur  a  colour,  <d'  inten- 
sity projxjriionate  to  the  (juuntity  of  fn-e  iodine.  C'onc.entrated  sul- 
phuric a<  id,  nitric  arid,  and  clilorine,  dtMonipose  ii,  and  siparate 
iodine.  Willi  solutions  of  lead,  ii  j^ives  a  fine  orani^e  preripiiaio; 
with  a  solutioFi  of  peroxide  of  nurcury,  a  red  one;  and  with  silver* 
a  white  precipiialf,  iFisolut)l<'  in  annnonia. 

When  submitted  to  galvanic  electricity,  the  Tupiid  hydriodie  acid 
is  rapidly  decomposed ;  iodine  appears  at  the  positive,  and  hydro- 
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n  at  the  negative  pole.  It  dissolves  zinc  and  iron,  with  a  disen- 
gement  of  hydrogen  gas,  which  proceeds  from  the  water.  It  has 
action  on  mercury,  though  the  gas  so  powerfully  affects  that 
ctaL  It  is  decomposed  by  those  oxides,  which  hold  their  oxygen 
3Bely,  and  combines  with  the  rest,  forming  a  genus  of  neutral 
Its,  called  hydriodatea.  Of  these  salts,  that  with  base  of  potassa 
rives  some  importance  from  its  use  in  medicine.  A  process  for 
eparing  it  advantageously  is  described  in  the  Ann.  of  PhiL  N. 
viL  468. 

In  general  the  hydriodates  are  readily  soluble  in  water.  Those 
potassa  and  baryta  are  not  decomposed  by  heat,  except  oxygen 
in  contact  with  them ;  the  salt  with  base  of  lime  is  wholly,  and 
\t  with  base  of  magnesia  partially,  decomposed  at  high  tempe- 
tures. 

Art.  4. — Hydrogen  with  Bromine. — Hydro-brondc  Add. 

The  analogy  between  the  action  of  chlorine  and  of  bromine  on 
g;anic  matters  led  M.  Balard  to  suspect  an  analogy  between  the 
uses  of  these  phenomena,  and  to  direct  his  attention  towards  the 
icovery  of  a  compound  of  bromine  and  hydrogen.  These  two 
bstances  do  not  act  upon  each  other,  when  bromine  is  exposed  to 
drogen  gas;  but,  when  bromine  is  brought  into  contact  with  some 
the  gaseous  compounds  of  hydrogen,  a  colourless  gas  is  obtain- 
,  strongly  acid,  absorbable  by  potassa,  and  capable  of  reproduc- 
*  the  cubic  crystals  already  described.  These,  heated  with  strong 
Iphuric  acid,  afford  a  gas,  which  is  hydro-bromic  acid.  From  this 
s  chlorine  throws  down  vapours  of  bromine;  and  certain  metals 
o,  by  attracting  bromine,  liberate  hydrogen  gas. 
Elydro-bromic  acid  is  not  producible  even  by  exposing  the  va- 
ur  of  bromine  and  hydrogen  to  the  solar  rays ;  but  it  is  generat- 
by  exposing  the  mixture  to  the  flame  of  a  taper,  and  still  better 
introducing  an  ignited  iron  rod  into  the  bottle  containing  it. 
le  combination  does  not,  as  with  chlorine,  extend  rapidly  through 
:  mass,  but  only  round  the  heated  body  which  has  excited  it.  * 
Hydriodic  acid,  and  sulphureted  and  phosphureted  hydrogen 
ses,  are  decomposed  by  bromine,  and  hydro-bromic  acid  is  gene- 
:ed,  with  a  disengagement  of  heat  Hydriodic  acid  gas,  decom- 
sed  by  bromine,  undergoes  no  change  of  volume ;  but  the  com- 
unds  of  hydrogen  with  sulphur  and  phosphorus  are  both  expand- 
in  volume. 

The  hydro-bromic  acid,  when  obtained  from  the  crystals  that  re- 
t  from  the  direct  action  of  potash  on  the  ethereal  solution,  ^see 
207,)  is  contaminated  with  sulphurous  and  hydrochloric  acids. 
»  procure  it  pure,  a  process  may  be  employed  analogous  to  that 
!a  for  hydriodic  acid  gas.  Bromine  and  phosphorus,  placed  in 
itact,  and  moistened  with  a  few  drops  of  water,  afford  abundantly 
^as,  which  is  hydro-bromic  acid,  and  which  is  permanent  over 
rcury.. 

This  gas  has  the  following  properties : 
It  is  colourless;  its  taste  is  intensely  acid;  by  contact  with  «tiikO> 
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When  porCf  Vtrcnry  dan  nut  tiiipcttr  To  act  upon  the  acid  ipai 
but  tin  «Ba  potAMium  nrodtice  an  ciiiirc  decomposition;  tlicfiniu 
ft  temperature  KlitdeelevRtedf  the  niTuncI  ni  commnn  tcmpcrainm. 
In  the  latter  CBM,  avolomaaf  hydrogirn  reniiiins  ri|;urou![|y«qiit*a- 
lent  to  half  that<H  the  oriciiiftl  gua.  llvtice  it  i»  formed,  aualogout 
to  hfdtiodic  ad  hjdr»«lumic  acids,  of  equal  volumes  of  bromine 
wad  hydrogen  irithodt  condensntion. 

Hydro-tnondc  aufiivery  tuluble  la  water,  which,  by  abaarhlikj{ 
the  1^  iacnatea  in  TAIume,  &c()Uirc3  great  density,  uid  ulso  the 
^opeitf  of  emtttiagirldUTapniiT's  t^y  r.iTii:u-i  viih  ihe  nir.  Ii  in 
eohnrieaa,  unlMi  the  eaa  ia  mixed  irhh  npann  of  bfondne,  of 
vUct  tbvnciHl  ca{AUe  of  takbg  up  «b  «sceM.  The  eoloucd 
add  inaf  be  decoloured  by  heat,  bat  It  la  thai  itdnond  In  dcaaity. 

Chlorine  decomposes  liquid  hydro-bromic  acid,  and  imparts  to 
it  the  same  colour  as  an  excess  of  bromine. 

Nitric  acid  acta  upon  hydro-bromic  acid,  at  first  moderatt.-ly, 
but  with  decided  energy  as  soon  as  its  action  has  commenced. 
The  result  is  a  liquid  which,  like  aqua  regia,  dissolves  gold  and 
platinum- 
Concentrated  sulphuric  acid  has,  to  a  certain  degree,  the  pro- 
perty  of  decomposing  hydro-bromic  acid,  and  of  liberating  bromine 
mixed  with  sulphurous  acid. 

Certain  metals  (iron,  zinc,  tin,)  act  upon  the  liquid  acid  with  a 
Misengagement  of  hydrogen  gas. 

The  greater  part  of  the  oxides,  riz.  the  alkalies,  earths,  oxides 
of  iion,  deutoxides  of  copper  and  mercury,  form  liquid  corobina- 
tlona,  wUch  may  be  regarded  as  hydro-bromates. 

Some  oxides  (of  lead  and  silver  for  instance)  give  rise  to  a  double 
decomposition,  producing  water  and  metallic  bromides. 

Other  oxides,  containing  much  oxygen,  decompose  a  part  of  the 
hydro-bromic  acid;  and  the  remainder,  uniting  with  the  oxide, 
constitutes  a  hydro-bromate  or  metallic  bromide.  Such  are  deu- 
toxide  and  tritoxide  of  lead,  and  peroxides  of  antimony  and  man- 
ganese. 

The  affinity  of  bromine  for  hydrogen  is  less  than  that  of  chlorine, 
but  greater  than  that  of  iodine.  Hydrogen  easily  unites  with  chlo- 
rine; more  difficultly  with  iodine  and  bromine.  Hydro-bromic  acid 
is  decomposed  by  chlorine,  but  bromine,  in  its  turn,  decomposes 
hydriodic  acid. 

TIm  ution  of  meuls  on  these  acids  exhibiu  aimilar  diBcrences. 
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Hydriodic  acid  is  decomposed  by  contact  with  mercury.  Pure  hy- 
dro-bromic  acid,  on  the  contrary,  may  be  kept  some  time  unaltered 
in  contact  with  that  metal. 

'  Hence  the  properties  of  hydro-bromic  acid  appear  to  hold  a  mid- 
dle place  between  those  of  hydro-chloric  and  hydriodic  acids. 

Art.  5. — IJydrogen  with  Fluorine.-^Hydro-Jhioric  ^cid. 

Though  it  has  not  yet  been  demonstrated  that  hydrogen  is  the 
acidifying  principle  of  this  acid,  yet  there  appears  every  reason  to 
believe  that  in  the  same  manner  as  hydro-chloric  acid  is  constitut- 
ed of  chlorine  united  with  hydrogen,  this  acid  also  consists  of  a  pe- 
culiar base,  belonging,  like  chlorine,  to  the  electro-negative  class 
of  bodies,  and  rendered  acid  by  combination  with  hydrogen.  To 
this  basis,  though  not  yet  exhibited  in  a  separate  state,  the  name 
of  fluorine  has  been  given,  and  the  acid  has  been  termed  hydro^ 
fluoric. 

Hydro-fluoric  acid  may  be  obtained  in  a  liquid  state  by  distilling 
powdered  fluor  spar,  (a  mineral  found  abundantly  in  Derbyshire,; 
with  twice  its  weight  of  strong  sulphuric  acid.  A  leaden  (or  in 
preference  a  silver)  retort  and  receiver  must  be  used;  to  the  first  a 
moderate  heat  must  be  applied,  and  the  receiver  must  be  surround- 
ed by  pounded  ice  or  snow.  An  ingenious  apparatus  for  this  pur- 
pose is  described  and  represented  by  Mr.  Knight,  in  the  17th  vol. 
of  the  Philosophical  Magazine. 

When  the  liquid  acid  is  obtained,  it  must  be  preserved  in  leaden 
or  silver  bottles,  with  air-tight  stoppers  of  the  same  material.  Its 
volatility,  however,  is  such,  that  it  is  diflicult  to  confine  it.  Its  spe- 
cific gravity  was  found  by  Sir  H.  Davy  to  be  1.0609,  but  it  is  in- 
creased by  the  gradual  additions  of  water  to  1.25,  a  property  ob- 
served in  no  other  Tuiuid.  When  suddenly  mixed  with  water,  it 
becomes  very  hot,  and  enters  into  ebullition.  Applied  to  the  skin, 
it  raises  painful  pustules,  or,  if  in  sufficient  (luantity,  occasions  deep 
and  dangerous  ulcers.  It  emits  very  penetrating  and  noxious  va- 
pours, and  acts  strongly  on  glass,  destroying  the  polish  of  its  sur- 
face, and  corroding  ii  deeply.  Hence  it  has  been  used  for  etching 
on  glass.  According  to  Professor  Silliman,  it  is,  however,  better 
adapted  for  etching,  when  diluted  with  three  or  four  parts  of  wa- 
ter, than  in  a  concentrated  form.  Plates  of  glass,  covered  with  a 
composition  of  I)ees'  wax  and  turpentine,  and  surrounded  by  a  rim 
of  the  same  substance,  have  those  parts  which  are  denuded  by  the 
graver  perfectly  etchrd  in  the  course  of  a  minute  or  two.  (Amer. 
Journ.  vi.  354.) 

When  brought  into  contact  with  potassium,  a  violent  detonation 
ensues,  and  hydrogen  gas  is  disengaged,  a  solid  white  substance 
being  at  the  same  timr  formed,  riuoric  acid,  it  is  remarked  by 
Rerzelius,  is  distinguished  by  its  great  capacity  of  saturation ;  for 
100  parts  combine  with  a  quantity  of  base  containing  74.72  parts 
of  oxygen,  and  the  compound  is  then  neutral.  Many  of  its  salts 
arc  readily  soluble ;  but  they  cannot  be  obtained  quite  neutral  in  a 
solid  form,  being  found  in  that  state  to  have  aR  excess  of  one  or 
other  ingredient  Its  compounds  with  alkalies  crystallize  with  an 
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excess  of  acid,  aiul  altack  glass ;  hence  they  can  only  be  prcpuvd 
in  silver  or  platinum  vessels.  It  is  exln^mKly  diilicuU  to  obtain 
them  quite  free  rrom  silica. 

Fluoric  acid  is  also  distinguished  by  the  property  of  rormtn^, 
with  acids  weaker  than  itself,  compoundu  in  which  the  latter  serve 
Its  It  kind  of  base.  These  compounds  undergo  partial  decomposition) 
and  deposit  a  portion  of  Vheir  base,  when  merely  added  to  water. 
Fluoboric  and  fluoailicic  acids  belong  to  this  class,  and  Ben«Uus 
has  added  others  to  the  number. 

The  alonuc  weight  of  fluoric  acid  has  been  investit^ated  by  Dr. 

Thomson,  who  hat  satisfied  himself  that  it  is  10.    This  number  Is 

assigned  to  it  on  the  supposition  that  the  fiuates  are  coniponuda of 

fluoric  acid  with  metallic  oxides.     But  a  different  view  of  these 

compounds  may  be  taken,   and  wc  may  consider  Uirm,  with  U. 

Ampere  and  Sir  H.  Davy,  as  compounds  oimttaU  with  apCcblUr 

principle  analogous  to  chlorine,  which  it  has  been  proposed  M  call 

fluorine.     Fluor  spar,  for  example,  may  be  either  ajhutie  of  ^nt,  vt 

^fluoride  of  calcium.    And  in  the  same  manner  that  we  convert,  In 

imagination,  a  muriate  into  a  chloride,  wc  may  chau^e  a  Sualc 

into  a  fluoride.    Thus  fluor  spar  may  be  constituted  cither  of 

1  atom  of  fluoric  acid    -••---.-     )0 

1.1-  ^  ^  calcium  ?  -a 

l.wmUne        J  8  oxygeB  J " 

^  Weight  of  the  atom  of  anhydrous  fluate  of  lime    38 

r  or  it  may  consisi  of 

'  1  atom  of  fluorine  (lU -f  8) 18 

1  atom  calcium .---•SO 

Wdght  of  the  atom  of  fluoride  of  calcium  -  38 
It  should  be  added,  that,  if  the  latter  view  be  correct,  fluates, 
like  muriates,  can  only  be  capable  of  existing  either  in  solution,  or 
in  the  state  of  hydroua  salts.  The  actual  conversion  of  a  fluoride 
into  a  fluate  will  then  be  attended  with  the  decomposition  of  an 
atom  of  water ;  and  I  of  hydro^n,  by  weight,  will  unite  with  18  of 
fluorine,  making  the  real  atomic  weight  of  fluoric  acid  19,  while  B 
of  oxygen  will  unite  with  the  atom  of  metallic  base.  The  atomic 
weight  of  the  fluate  will,  in  that  case,  be  19  +  that  of  the  alkaline 
or  earthy  base,  or  9(  »  to  an  atom  of  water)  more  than  the  num- 
ber assigned  to  the  anhydrous  compound.  At  present  the  existence 
of  fluorine  is  supported  only  by  analogy;  an  analogy,  however, 
strengthened  by  the  fact,  discovered  by  Kuhlman,  that  fluor  spar 
gives  no  fluoric  acid,  when  acted  upon  by  that  species  of  sulphu- 
ric acid,  which  contains  essentially  no  water.  (Ann.  de  Ch.  et  de 
Phy«.  Feb.  1827.) 

In  the  chapter  on  silica,  it  will  be  shown  that  fluoric  acid  tinites 
with  that  earth,  and  composes  a  p>ermanent  gas.  It  does  the  same 
with  boracic  acid;  and  Berzelius  has  investigated  a  new  class  of 
compounds,  discovered  by  him  to  consist  of  hydrofluoric  acid  with 
the  tManic,  colnmbic,  tungstic,  and  molybdic  acids.  (Ann.  de  Ch. 
kc  axix.  295,  33&) 
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SECTION  II. 

On  Nitrogen  or  Azote, 

After  separating,  from  any  quantity  of  atmospherical  air,  all  the 
3xygen  which  it  contains,  there  remains  a  gas  which  was  called  by 
Lavoisier  azotic  gasj  a  name  applied  to  it  in  consequence  of  its  un- 
fitness for  supporting  animal  life,  and  derived  from  the  Greek  pri- 
vative a  and  («ai7  vita.  This,  however,  as  being  merely  a  negative 
property,  has  since  been  deemed  an  improper  foundation  tor  its 
nomenclature,  and  the  term  nitrogen  gas  has  been*  substituted ; 
because  one  of  the  most  important  properties  of  its  base  is,  that 
by  union  with  oxygen  it  composes  nitric  acid.  By  this  appellation, 
therefore,  I  shall  hereafter  distinguish  it. 

I.  Nitrogen  gas  may  be  procured,  thouglj^  not  absolutely  pure, 
yet  sufficiently  so  for  the  purpose  of  exhibiting  its  general  proper- 
ties, in  any  of  the  following  manners :  1.  Mix  equal  weights  of  iron 
filings  and  sulphur  into  a  pasfe  with  water,  and  place  tlie  mixture, 
in  a  proper  vessel,  over  water,  supported  on  a  stand ;  then  invert 
over  It  a  jar  full  of  common  air,  and  allow  this  to  stand  exposed  to 
the  mixture  for  a  day  or  two.  *  The  air  contained  in  the  jar  will 
gradually  diminish,  as  will  appear  from  the  ascent  of  the  water,  till 
at  last  only  about  four-iifths  of  the  original  volume  of  the  air  will 
remain.  The  vessel  containing  the  iron  and  sulphur  must  next  be 
removed,  by  withdrawing  it  through  the  water;  and  the  remaining 
air  may  be  made  the  subject  of  experiment. 

£.  A  quicker  process,  for  procuring  nitrogen  gas,  consists  in 
pouring  into  a  bottle,  about  one-fourth  its  capacity  of  the  solution 
of  nitrous  gas  in  liquid  sulphate  of  iron,  or  of  liquid  sulphuret  of 
lime,  and  agitating  it  with  the  air  which  RUs  the  rest  of  the  bottle. 
During  the  agitation,  the  thumb  must  be  firmly  placed  over  the 
mouth  of  the  bottle ;  and,  when  removed,  the  mouth  of  the  bottle 
must  be  immersed  in  a  cup  full  of  the  same  solution,  which  will 
supply  the  place  of  the  absorbed  air.  The  agitation,  and  admission 
of  fluid,  must  be  renewed,  alternately,  as  long  as  any  absorption 
takes  place. 

3.  Atmospheric  air,  also,  in  which  phosphorus  has  burned-  out, 
affords,  when  time  has  been  allowed  for  the  condensation  of  the 
phosphoric  acid,  tolerably  pure  nitrogen  gas. 

4.  Azotic  gas  may  be  procured  from  the  lean  part  of  flesh  meat 
(beef  for  example),  which  may  be  put  into  a  gas  bottle,  along  with 
very  dilute  nitric  acid.     By  a  heat  of  about  10()°,  the  gas  is  discn- 

J'aged,  and  may  be  collected  over  water.    Its  source  has  been  satis- 
actorily  traced  to  the  animal  substance,  no  part  of  it  proceeding 
from  the  nitric  acid. 

5.  It  may  be  obtained  by  the  action  of  chlorine  on  ammonia,  in 
a  manner  which  will  be  afterwards  described  in  speaking  of  that 
alkali. 

II.  Nitrogen  gas  has  the  following  properties ; 
1.  It  is  not  absorbed  by  water. 
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2.  //  is  a  little  Ufchter  than  atmo/tpheric  air^  100  cubic  inches  being 
found  by  Sir  H.  Davy  lo  weigh  30.04  grains  under  a  pressure  of 
30  inches,  and  at  the  temperature  of  55°  Fahrcnheiu  At  60^  Fah- 
renheit 100  inches  weigh,  therefore,  29.73  grains.  According  lo 
Biot  and  Arago,  its  specific  gravity  is  0.96913.  Dr.  Thomson 
makes  it  0.972^2;  and  Bcrzelius  and  Dulong  0.9760. 

3.  It  immediately  extinguishes  a  lighted  candle,  and  all  other 
burning  substances.  Even  phosphorus,  in  a  state  of  active  inflam- 
mation, is  instantly  extinguished  when  immersed  in  nitrogen  gas. 
This  is  best  shown  by  placing  the  burning  phosphorus  in  a  tin  cup, 
raised  by  a  stand  over  the  surface  of  the  water,  and  quickly  invert- 
ing over  it  ajar  filled  with  nitrogen  gas. 

4.  It  is  fatal  to  animals  that  arc  confined  in  it. 

5.  When  mixed  with  pure  oxygen  gas,  in  the  proportion  of  four 
parts  to  one  of  the  latter,  it  composes  a  mixture  resembling  atmo- 
spheric air  in  all  its  proj)eriies.  Of  this  any  one  may  be  satisfied* 
by  mixing  four  parts  of  azotic  gas  with  one  of  oxygen  gas,  and 
immersing,  in  the  mixture,  a  lighted  taper.  The  taper  will  bum  as 
in  atmospherical  air. 

Composition  of  Nitrogen, 

m 

That  nitrogen  is  not  an  element,  but  itself  a  compound,  has  been 
long  suspected,  and  various  attcmjjls  have  been  made  to  discover 
its  ingredients.  Bcrzelius, from  the  romhination  of  exptM-imrnt  with 
much  ihrorrliral  rci'.soiiijicr,  lias  drdurrd,  lliat  Tiitro;:i'!i  is  roin- 
pouiiiU'd  of  oxvLn'M  and  an  unknown  Ikisc.  (^I  Thoms"n's  Aiiiial.^* 
284.)  This  l)asi',  it  imisl  he  o')scrM"tl,  liowovtT.  is  pun'ly  hypo- 
ihcliral;  and,  as  ii  has  nt-vc!'  ut  Ix-imi  JxliiSitrd  in  a  si  parato  state, 
we  cannot  at  prcstni  know  an\  thiu'.^  fil'  iis  jjroporlics.  lU*rz«'Iius 
has  j)ropos(.'d  i'i»r  ii  llie  namt*  ui'  nifriri/ni. 

The  rXj)i'riMifnts  of  Sii'  II.  DaNV,  dircrli'd  to  the  drroinpositlun 
of  nilroi^cn,  on  llu.'  pr«*suiii])ii(»n  ot"  iis  lirint^  an  oxide,  wtvr  ihpI  al- 
tondcd  with  any  l)cUrr  surcrss.  ^Pl.il.  Trans.  ISH).}  INj'.a-s^iuin 
was  i«;nil('(l,  l)y  intense  \'ollaie  ele<  ti'nily,  in  niti»ii;iMi  j^a^;  afiil  the 
resnll  was,  that  liydro;:en  appeared,  and  some  nilro.:;en  w.-.s  1". i«jn\! 
flefieient.  Tliis,  on  \\v>l  \ie\v,  would  lead  to  the  susj)i(  i(,!i  ilial 
nili'<iv;;»*n  had  ht-en  d«'t  oniposed.  But,  in  suli-N»'<jurni  rxpe;  iiMfnt*«. 
in  pi'oportion  as  tip*  j)r.:.issitiMi  was  luoi'i-  lVt«*  \'\nu\  a  tdaiin  :  o! 
potassa,  whi«  h  would  inUdduee  waii'i",  so.  in  prupnrtiot;,  w  .:>.  le-^s 
liydiojn'Ti  f\«»lvc(l.  an<I  less  nilrui^m  louiul  di't'n  ieni.  Tin'  vr«ni:.il 
tenor  nl' thi-si-  i!i<|uiries,  tin  i'«  Inn',  li-nds  fio  strc-nt^th  toihe  opinioa 
that  nitio;;(  n  is  ;v  (•nnpoti'id  boily. 

A  HI .    I . — \ifrirrr,i  frif/i  ()j'u\Sf  //. — .  IlmnsjiJt,  ri '  .  //r. 

Thi"  atmospheic  is  a  idlleciion  of  rjastic  lluids,  ret.iinetl  i>n  the 
surfaee  of  the  eailh  liy  their  ii;ra\  iiatiipn.  Itswi'ii^ht  was  tirsi  a^ircr- 
tained  hy  (ialilro,  and  np[)li<d  h\  I'uiit  rlli  to  i'\|»lain  tht*  ri'*e  ut 
\\ati*r  in  pumps,  and  of  nnii  ur\  in  iKimmrtrit  al  tul)!*^;  and  hy  l*.is- 
(  hal  lo  the  mensuration  of  tin-  l)t  i.-ht  of  mountains.     At  the   lc\cl 
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of  the  ocean  it  is  adequate  to  sustain  a  column  of  water  having  the 
altitude  of  34  feet,  or  one  of  mercury  of  the  height  of  30  inches, 
and  itjpresses  with  the  weight  of  about  15  pounds  on  every  square 
inch  or  surface.  As  we  ascend,  the  atmosphere  decreases  in  density 
in  a  geometrical  proportion  to  equal  ascents.  Thus  at  three  miles' 
in  height,  the  density  of  the  atmosphere  is  one  half  what  it  is  at 
the  earth's  surface,  or  equal  to  a  column  of  15  inches  of  mercury; 
at  six  miles,  the  barometer  would  stand  at  i  the  usual  height,  or 
at  7i  inches;  at  nine  miles  of  elevation,  at  3{  inches;  and  15  miles 
high  nearly  at  1  inch.  Hence  the  greatest  part  of  the  atmosphere 
is  always  within  15  or  20  miles  of  the  earth's  surface;  though  from 
the  refraction  of  the  sun's  light,  it  may  be  inferred  to  extend  from 
40  to  45  miles  in  height.  Beyond  the  former  limit  it  appears  highly 
probable,  from  the  observations  of  Dr.  Wollaston,  (Phil.  Trans* 
1822)  that  our  atmosphere  docs  not  reach  at  all;  the  force  of  gravity 
downwards,  upon  a  single  particle,  being  there  equal  to  the  resist- 
ance arising  from  the  repulsive  force  of  the  medium.  We  have  no 
evidence  of  the  existence  of  similar  matter  round  any  other  planet; 
and  it  has  been  ascertained,  by  the  observations  of  Captain  Kater, 
that  no  retardation  of  the  motion  of  Venus  can  be  perceived  in  her 
progress  towards  the  sun,  as  would  happen  if  he  were  encompass- 
ed by  a  refracting  atmosphere.  The  approach  also  of  Jupiter's  sa- 
tellites to  the  body  of  the  planet  round  which  they  revolve,  is  uni- 
formly regular,  till  they  appear  in  actual  contact,  showing  that 
there  is  not  that  extent  of  atmosphere,  which  Jupiter  should  attract 
to  himself  from  an  infinitely  divisible  medium  filling  all  space. 
These  observations  are  favourable,  as  Dr.  Wollaston  remarks,  to 
the  existence  of  particles  of  matter  no  longer  divisible,  for  if  an 
elastic  fluid  like  our  atmosphere  consist  of  such  particles,  we  can 
scarcely  doubt  that  all  other  bodies  are  similarly  constituted ;  and 
may  without  hesitation  conclude  that  those  equivalent  quantities, 
which  we  have  learned  to  appreciate  by  proportionate  numbers,  do 
really  express  the  relative  weights  of  elementary  atoms,  the  ulti- 
mate objects  of  chemical  research. 

The  cause,  which  supports  in  a  vaporous  or  gaseous  state  bodies 
that  exist  in  that  state  at  the  tenjperature  of  the  atmosphere,  is,  ac- 
cording to  an  ingenious  speculation  of  Mr.  Faraday,  (Phil.  Trans. 
18i2(>.)  the  elastic  force  of  their  particles,  or  their  mutual  repulsion, 
depending  probably  on  their  atmospheres  of  heat.  This  force  is 
restrained  by  two  causes — incumbent  pressure,  and  gravity.  When 
the  first  is  removed,  or  supposed  to  be  removed,  as  by  a  gradual 
ascent  into  the  higher  regions  of  the  atmosphere,  we  shall  come  at 
length  to  a  point  where  the  two  forces  of  gravity  and  elasticity  will 
be  exactly  in  equilibrio.  At  that  point  no  tendency  will  exist  in  the 
particles  to  fly  farther  asunder;  and  therefore  there  will  be  a  limit, 
beyond  which  vaporous  matter  of  that  kind  cannot  exist. 

But  there  are  bodies,  which  are  gaseous  at  high  temperatures 
only ;  and  below  a  certain  point,  seem  incapable  of  forming  vapour. 
This  is  the  case  with  silver  h<»ated  below  a  white  heat,  of  mercury 
during  winter,  and  of  oil  of  vitriol  at  common  temperatures.  In 
such  bodies,  the  aggregative  attraction  of  their  particles,  apart  from 
Vol.  I.  Kk 
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f;eiloral  gravitation,  aecms  to  have  a  tendcDcy  to  prereM  U»e  forma*       j 
lion  of  v»p«ur,  and  lo  comleusc  il  when  funned.    Thui  a.  lump  of 
cumplior  at  one  end  uf  a  Healed  gUis  tube,  the  olhcr  end  of  which       i 
is  kept  cool,  deposils  one  or  two  tinnll  cr; slals,  which  incn-uc  in       , 
size,  while  no  ilcposit  lalies  place  on  the  giasn.  j 

Thcic  causes,  Mr.  l''ur;tduy  apprehends,  are  (|uhe  sufTicient  to  met       | 
a  limit  to  cvaporiK3iion,  und  efivctuully  to  prevent  the  Tolalilization 
of  the  ctLrthx  find  metala.  which  have  been  imagined  by  Home  pe^       | 
sons  Co  cnUp  luio  the  composition  of  our  atmosphere. 

The.  Ki*at  body  of  air,  con»lilutiog  our  atmosphere,  U  Iuq  a  state 
of  eunsunt  moUiUit  not  only  from  Its  accompauyin^  the  earth  in 
ha  rolalion  roiuidltti  axis,  but  because  il  flows  also  from  ihc  r(|ua-       i 
tor  towards  the  poles,  and  contrariwise.  Over  the  torrid  ccmea,  the 
air  is  expanded  by  hcnt,  and  acquires  a  tendency  to  a»c«ndf  wUlc 
the  air  from  the  temperate  and  frigid  sunet  presses  forward  to  Mp-      j 
ply  Ihc  vacancy.    In  the  torrid  zones,  the  upper  regions  of  tbc  at*    '  i 
uosphere  meet  with  lees  lateral  pressure  than  i*  necessary  to  «p-    •  1 
port  them,  and  the  air,  therefore,  uverftuws  in  both  directions  m       , 
that  currents  northward  and  southward  are  established  in  the  kJ^ber       | 
regions  of  the  almoophere.  Thus  a  constant  circulation  is  mainiaiu- 
cd,  and  a  cause  la  established  fur  supporting  a  temperature  on  the 
earth's  surface,  approaching  much  more  nearly  to  unifomiily,  than 
!l  could  have  been  without  auch  a  provision  of  nature. 

It  has  already  been  stated  that  the  air  of  our  atmosphere, besides 
BInall  proportions  of  aqueous  vapour  and  carbonic  acid,  is  princi- 
pally constiluled  of  two  different  gases,  t'ls.  oxygen  gas,  and  azotic 
or  niirot-en  gas,  the  former  of  which  seems  to  be  the  only  tngredieni 
on  which  the  effectai^  the  air,  as  a  chemical  agent,  de[>CDd.  Hence 
tiiWnbustiblc  iKtdies  bum  in  atmospheric  air,  in  consequence  of  the 
oxygen  gas  which  it  contains;  and,  when  this  is  cxhausteil,  air  is 
'  BO  longer  capable  of  supporting  combustion.*  Its  analysis  is  most 
•  Wisfactorilv  ik'nitinsiraled  l>y  the  ailimi  <jf  heated  mercury,  as  was 
iBrst  I  i'.  i  ■■  i'   :■■.    I,  o.  i    .■  ;    \i,  L:  ■    I'll'.. ■.>].!.-  I..  ■;.!■..■!-. 

In;  ■  .  I  ■   ■!,>  lo  50  cubical 

inches,  pour  about  151M)  jjrains  of  mercury,  and  let  its  neck  be  so 
bent  that  its  extremity  may  open  into  a  known  quantity  of  atmo- 
spheric air  confined  in  a  glass  receiver  over  mercury,  (See  the  cat 
in  the  following  page.)  The  receiver  should  not  be  more  than  one- 
tlitrd  full  of  air.  In  order  to  allow  space  for  its  expansion  by  heat', 
and  the  body  of  the  matrass  must  be  surrounded  by  dry  sand,  con- 
tained in  the  sand  pot  of  a  distilling  furnace.  The  vessels  being 
thus  disposed,  a  fire  is  to  be  lighted  in  the  furnace,  and  kept  up  for 
several  days,  so  as  to  maintain  the  quicksilver  nearly  at  the  boding 
point,  which  is  thus  freely  exposed  to  the  air  in  the  bell,  as  well  as 
to  that  in  the  matrass.  At  first,  the  air  is  rarefied  by  heat;  but  when 
the  fire  has  been  supported  for  two  or  three  days,  its  volume  begins 
to  diminish,  and  at  the  end  of  the  fifth  day,  when  the  vessels  have 
cooled,  it  is  found  that  about  one-sixth  the  bulk  of  the  original  air 
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has  disappeared.  What  remains  is  completely  altered  in  its  proper- 
ties. It  immediately  extinguishes  flame,  and  is  fatal  to  any  small 
animal  that  may  be  inclosed  in  it.  The  mercury,  also,  may  be  ob- 
served to  have  undergone  a  change ;  and  scaly  particles  of  a  flea 
colour  may  be  seen  floating  on  its  surface. 


When  these  particles  arc  collected,  and  subjected  to  a  heat  ap- 
proaching to  redness,  in  a  coated  glass  tube,  a  quantity  of  gas  may 
be  collected  by  a  proper  apparatus,  the  volume  of  which  will  be 
found  ecjuivaleni  to  that  which  has  disappeared.  Its  properties, 
wlien  exainiued,  answer  to  those  of  oxygen  gas,  which  is  thus  de- 
cisively proved  to  be  a  constituent  part  of  the  air  of  our  atmosphere, 
the  other  ingredient  of  which  is  shown  to  be  an  clastic  fluid  inca- 
pable, either  of  supporting  combustion  or  animal  life.  The  analysis, 
however,  effected  in  this  way,  is  not  adequate  to  disclose  the  true 
proportion  of  the  gases  constituting  the  atmosphere,  for  mercury 
has  not  a  sufficiently  strong  atlriiction  for  oxygen  to  separate  the 
whole  of  that  existing  in  the  air,  which  amounts  to  about  one-fifth 
of  the  whole  volume.  This  separation  may  be  completely  effected 
by  other  melliods  to  be  presently  described,  which  prove  that  at- 
mospheric air  is  composed  of  about  one  volume  of  oxygen  gas  and 
four  of  nitrogen,  besides  small  proportions  of  carbonic  acid  and 
aqueous  vapour,  the  latter  varying  with  the  temperature. 

This  process  is  extremely  tedious;  but  evidence  of  the  nature  of 
atmospheric  air  may  be  obtained  much  more  expeditiously  by  the 
following  experiments. 

Burn  phosphorus,  in  the  manner  described,  page  189,  substituting, 
for  oxygen  gas,  common  atmospherical  air.  The  combustion  will, 
in  this  instance,  be  less  vivid ;  will  cease  sooner ;  and  the  absorp- 
tion, when  the  vessels  have  cooled,  will  be  much  less  considerable 
than  in  the  former  case.  The  phosphorus,  however,  will  have  ab- 
sorbed the  whole  of  the  oxygen  gas  contained  in  the  air  submitted 
to  experiment ;  and  hence  it  may  be  employed  for  measuring  the 
quantity  of  oxygen  gas  in  a  given  bulk  of  atmospherical  air.  This 
may  be  accomplished  either  by  its  slow  or  rapid  combustion.  Bcr- 
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thollet  proposes  to  expose  a  cylinder  of  phosphorus,  fastened  to  a 
glass  rod,  in  a  narrow  glass  vessel,  graduated  into  equal  parts,  and 
standing  full  of  air  over  water.  (Sec  fig.  iJ4.)  The  phosphorus  im- 
mediately begins  to  act,  without  visible  combustion,  on  the  includ- 
ed air;  and  in  six  or  eight  hours  its  effect  is  completed.  The  re- 
siduary azotic  gas  has  its  bulk  enlarged  about  one-4()th,  by  absorb- 
ing a  little  phosphorus ;  and  for  this,  allowance  must  be  made  in 
measuring  the  diminution.    (Annales  de  Chimic,  xxiv.  7H.) 

In  the  eudioii^ter  of  Seguin,  the  rapid  combustion  of  phosphorus 
is  employed  witWthe  same  view.  A  glass  tube,  open  at  one  end 
only,  about  an  inih  in  diameter,  and  eight  or  ton  high,  is  filled  with, 
and  inverted  in,  mercury.  A  small  bit  of  phosphorus,  dried  with 
blotting  paper,  is  then  introduced,  and,  by  its  inferior  specific  gra- 
vity, rises  to  the  top  of  the  tube  where  it  is  melted,  by  bring;ing  a 
red-hot  poker  near  to  the  outer  surface  of  the  glass.  When  the 
phosphorus  is  liciuefied,  a  measured  portion  of  the  air  to  be  exa- 
mined is  admitted,  by  a  little  at  once,  into  the  tube.  The  phospho* 
rus  inflames  at  each  addition,  and  the  mercury  rises.  When  all  the 
air  under  examination  has  been  added,  the  red-hot  poker  is  agun 
applied  to  insure  the  completion  of  the  process,  and  the  i*csiduary 
gas  is  transferred  into  a  graduated  measure,  where  its  bulk  is  care- 
fully ascertained.  In  this  instance,  about  onc-40th  the  volume  of 
the  residuary  gas  is  to  be  deducted  from  the  apparent  quantity  of 
azotic  gas,  because,  in  this  case  also,  a  small  portion  of  phospho- 
rus is  dissolved  !)y  the  hitler,  and  oerasions  a  trifling  expansion. 
With  this  (li'diiriion,  atrnosplu'ric  air  losis  pirlty  int  ui-uirly  01 
puns  uui  ii{'.\viy  Idn;  ijul  furiwiiii^,  tlu  .'if-'it*.  01 /"';■  m//'.  f  .f  i.\\  - 
gtni,  aii<l  7'.)  oi\.z(*;c  by  nic;iMi  :•«*.•  It  is  piiiKu  kuI)'!'.  :li"t  iin  *;;'!•  - 
ciable  (lilViT<-!.»«.'  rxisls  bcturi-u  ilu'  j)i-«  |M,i;i(>»;s  of  nx\  <in  iMiC  .i/.-»h 
in  the  alnii>.s}jlu'i'«  :-.  ui'  tiisunii  [)hi«.>,  l. -iin  \,liicli  ii  .;|t;i'-.!r-,  i  i.i; 
the  purilv  ai)(l  suhilMiiv  (»f  air  vi.  ;..iii.  .;:.  ^fji  n- oihrr  i  im  um^'aMjt  •■. 
than  the  \)v*>\,in'{\<>]i  im  tli«M-  li^  i  iilt  I'l  I-  nn-m^. 

Tlie   intfri-;!*  IiIIks^  of   .;lliM)Sji.-ilir..I  ^jii'  u,  iliji   ,.i'   ......  I      ,.;v,. 

for  suppu;  liri:;  I  i»'.i')!isli'.'i.,  r.u.y  'k'  shown,  ai^«>,   m\   .:  <  «».ii .,.,:,.  i\ , 
expi'i  imciii  wiih  !v,  u  •\.:uilf.-..     \  \. ..  «   ;;.|)«.i-  iii..\  ■..•  >>../it  :«.;  .  .  'mm 
in  a  j.ii"  of  i;ii:ii^;Ju-   i"  iiirir.  »i"  v,  atii.  i-ll    ii  i    «M".:i..'.i-!;   ,;  :   ..ii  ! 
thr  (luiatloii  dl"  i:%  In    -..ii,:;,  ai.'I  llu   tlimiimM'  it  i:  .-.-in.^    \u  "l  • 

air,  all'  ii)  !,«•  ii;/.r<l.     W'i.i  II  ilu'    V  ■  »iiiiMn  :  l<;:i    1-,   !  :i.!    isi   ...   Iiki 

(|ua]i»i;\  <*r  (i  v'.  ...-11  '.       ,  ";•  w  ii!  hi'  lut;i.;I  ;.i  lasi  t  .>'jh':    ■ ..!  \  l-i.^rr, 

aiKi  ill*'  (liiniMuV.iM,    ,i"  \tji.iiin.'  in  'In     ;.:s  will  iw  i.iIh  ii  :  it  ...»•.. 

()1  thi-  lil;v-lv.(>  Nir.ij,!,  (,r  r!i  ;;;»  ?ii.;;\  'Mjiiic^,  :»  tj  i,|:|,  ;  ••,•  |i  ,-,.- 
j)abi('  \>\  !)ii.i-.;  a«  iril  n  jn  m  ai  .  :iy  I.  ;j!..'"i'. ,'.•.:,  !a  i".r  «i\\  ju  p:r-.  ■., 
in  aii!M;-.plM'ii(  Av.  'I  I-..  •-,■  ,.ic  ,  ijl-.rlin',  iiMliiu-.  Jimhiiiii-,  ...•.  r-., 
silvn.  ;/>l<l,  phiiiiiiim.  i  Ii'v.iimn,  j).»l\..rniiii,  :.ii<I  iitdimn.  AI!  .I,i 
rrst  ;J)  ^0|■!^  «y\\  .^«  ii  Iroin  'In  .:.  niovplnii-.  ti:iit  r  *.i  ilir  t»i-,I"iii.i.  v  ;.  ii.- 
jMMMtuir,  or  at  a  uiorr  iMiva'ncl  inn-  \\\\'n  li  iliii'i  r^  l\>i-  iliii-  ii  m  ijiii- 
viduais. 


•  \  alM.ii'f  (itl.iM  lilt  t:iij>U  III'  aii.il;  .'.1.;  ..1iii'.»,i'.r:  ii  .li  .ui'  v.  .li  '<.■  ii«  •«<  rihi^l  :ii 
the  coniso  «>t  iiK  M'lik,  Kii ;«,  liCi-i  '"i  \un  ii  ii(.«\  li;.-  IomIi-I  III  i;ic  IikIi  \,  uiiiiti 
(lie  hcail  EuilinmtttT 
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Take  two  tubes,  each  a  few  inches  long^,  closed  at  one  end,  and 
divided  into  KH)  aliquot  purls.  Fill  the  one  with  atmospherical  air, 
the  other  with  oxyj»en  ^ms,  and  invert  ihcni  in  two  separate  cups 
contaiiiin{;  a  solution  of  liydro}>;ureted  sulphuret  of  potassa,  which 
has  been  made  with  cold  water,  and  been  shaken  in  a  bottle  partly 
filled  with  the  solution,  and  partly  with  atmospheric  air,  a  precau- 
tion recommended  by  Gay  Lussac  and  Humboldt.  The  liquid  will 
ascend  gradually  within  the  tube  of  common  air,  till*  after  a  few 
days, about  four-fifths  of  its  original  volume  will  remain;  but  in  that 
containing;  oxygen,  it  will  ascend  much  higher,  and  if  the  gas  be 
pure,  will  even  absorb  the  whole. 

The  explanation  of  this  fact  is,  that  the  solution  has  the  property 
of  absorbing  oxygen,  I)ut  not  nitrogen.  It  therefore  acts  on  atmo- 
spheric air,  only  as  long  as  any  oxygen  gas  remains,  and  it  may  be 
employed  as  a  means  of  useeriainhig  the  (|uantity  of  this  gas  in  the 
atmosphere  at  diilerent  times,  and  in  distant  places.  An  instrument, 
for  applying  this  eudiomelrlcal  ]i(iuor,  was  invented  by  (luyton. 
(Nicholson's  Journal,  4to,  i.  i2G8,  and  IMiil.  Mag.  iii.  171.)  But  an 
apparatus,  of  much  greater  simplicity,  and  facility  of  applicationi 
is  that  of  Professor  Hope  of  Kdinburgh,  announced  in  Nicholson's 
Journal,  8vo.  iv.  ^10.  It  consists  of  a  small  bottle,  of  the  capacity 
of  20  or  24  drachms  (fig.  20,  pi.  ii.),  destined  to  contain  the  eudio- 
metric  liquid,  and  having  a  small  stopper  at  b.  Into  the  neck  of 
the  bottle  a  tube  is  accurately  fitted  by  grinding,  which  holds  pre- 
cisely a  cubic  inch,  and  is  divided  into  UK)  equal  parts.  To  use  the 
apparatus,  the  bottle  is  first  filled  with  the  liquid  employed,  which 
is  best  prepared  by  boiling  a  mixture  of  quicklime  and  sulphur 
with  water,  iilti  rini<  the  sulmion,  and  agitating  it  for  some  time  in 
a  bottle  half  iilled  with  runimou  aii-.  The  tube,  filled  with  the  g^as 
under  examination  (or  v  itii  atniosj)iierical  air,  when  the  quality  of 
this  com])ound  is  to  be  iisrrituine<l),i.s  next  to  he  put  into  its  place; 
and,  on  inverting  the  insinnuenl,  the  gas  ascends  into  the  bottle, 
where  it  is  to  be  bruiii^hl  extensi\tly  into  contact  with  the  liquid 
by  brisk  agitation.  An  a))S(»ii)li<>n  ensues;  and,  to  supply  its  place, 
the  stopper  b  is  (>|;^  iied  uikUt  water,  a  cjuaniity  of  which  rushes 
into  the  bottle.  The  bUippi  i"  is  !ej)laceil  under  water;  the  agitation 
renewed;  and  these  uptiaiions  are  performed  alternately,  till  no 
further  diminution  tak<'s  phu  e.  The  tube  a  is  then  withdrawn,  the 
neck  of  the  hot  lie  being  under  water,  and  is  held  inverted  in  water 
for  a  few  minutes;  at  the  oK^se  of  which  the  diminution  will  be  ap- 
parent. Its  an^oulit  may  he  measured  by  the  graduated  scale  en- 
graved on  the  tuhj. 

To  the  eudiometer  lA'  Dr.  Hope  there  arc,  however,  a  few  objec- 
tions. If  the  tube  a  and  the  shipper  /;  are  not  both  very  accurately 
ground,  air  is  apt  to  make  its  way  into  the  instrument  to  supply 
the  partial  vacuum,  occasioned  by  the  absorj)t!on  of  oxygen  gas. 
This  absorption  causes  a  diminished  pressure  within  the  bottle; 
and,  conse(iuently,  t.>\vanis  the  close  of  each  agitation,  the  absorp- 
tion goes  on  M-ry  slowly.  Besides,  the  eudiometric  liquid  is  con- 
stantly becoming  more  dilute,  by  the  admission  of  water  through 
b.    To  obviate  all  thcbc  difficulties,  I  have  substituted  for  the  gl 
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bottle  one  of  clastic  ^um,  as  shown  by  fig.  21,  b.  The  tube  a  is  ac- 
curately j^rouiid  into  a  short  piece  of  very  strong  tube  of  wider 
bore,  us  shown  at  c,  the  outer  surface  of  which  is  made  rough  by 
grinding,  and  shaped  as  repi*esented,  that  it  may  moi*e  effectually 
retain  the  neck  of  the  elastic  bottle  when  fixed  by  waxed  thread. 
This  instrument  is  used,  in  every  respect,  in  the  same  way  as  Dr. 
Hope's.  The  only  difficulty  is  in  returning  the  whole  of  the  re- 
siduary gas  into  the  tube ;  but  the  art  of  doing  this  will  be  readily 
acquired  by  practice. 

An  ingenious  modification  of  this  eudiometer,  which  enables  us 
to  measure  an  absorption  of  only  j^nnr^^^  P^**^  ^'  ^^^  f>^^  employed, 
is  described  by  Mr.  Pepys  in  the  Philosophical  Transactions  for 
1807,  or  Philosophical  Magazine,  xxix. 

Another  method  of  determining  the  composition  of  atmospherical 
air,  is  by  means  of  combustion  with  a  known  volume  of  hydrogen 
gas ;  for,  as  it  is  well  ascertained  that  one-third  of  the  diminutioDi 
on  firing  hydrogen  and  oxygen  gases,  is  owing  to  the  condenaatioii 
of  the  latter,  we  have  only  to  observe  very  correctly  the  contraction 
of  volume.  This  is  best  done  by  means  of  an  instrument  called 
Volta's  Eudiometkr  (pi.  ii.  fig.  29),  of  which  various  modifica- 
tions have  been  proposed.  The  general  rule  for  this  process  is  the 
following:  To  1(K)  measures  of  air,  add  from  45  to  50  of  pure  hy- 
drogen gas;  inflame  the  mixture  over  water  by  an  electric  spark; 
and  ol)siM've,  in  a  minulc  or  two,  the  contraction  of  volume.  Divid- 
ing this  by  .>,  we  havr  tlw  proporliciu  of  oxyj^rn.  To  iiisuri'  jrri'ut 
a(  cur:;c}',  ;i  inniilu'r"  of  <  ir(  iiiii  .tituccs  i.vr  U>  in'  <j?)S«'r\rv!.  w'::  ii 
have  hrrri  s'..;Ufl  l)y  (i.iv  l.iiss-c  uirl  llimil)<)l<it  in  :in  cLiiii;' ,i'<  '.n  ■ 
luoir.  j)ul>li^r.-il  in  ilio  Joimul  <lc  i'l.)  ^i<llu■,  \ol.  Ix. 

Tliniii^h  I  luiv«'  inarlo  iiuiihioms  rxiuriiixiiis  on  \hv  :vu;-.l;.  ^i^  ot 
atmospht  ri(  :il  air,  l)otli  liy  this  ai:tl  <»:lu  r  v"ii(liuiiU'lri(.Lil  pM'<  •  •^'t  •». 
I  have  not  vet  \uru  al>U'  fullv  to  sali^lV  inv-«ir  mIuUht  it  i  MUtaiii-^ 
21  or  '20  \(iliMnr^  of  c»\yL;t'n  in  Inn,  thr  jji-opoi  tiou  ha\iri^  'utM 
mostlv  !)ctw(M-ii  iliosf  i\\(»  ixtiTiiK's.      Dr.  Tlnunsj)!!,  in   lii^   \\i'< 

m 

Priiic.  of  C'ht'ni.  i.  '.Ku  staU's  iliat  l)v  rai\l\illv  lirint:  1"^  iiira^nn.s 
of  air  \\h\\  -4  2  of  hvdi-JKrcn.  h(*  constant Iv  nhiains  a  liiininMiinn  "I 
C){)  volnint's,  which  —  ,")  ilciiolcs  '2<;  of  o\yi;cn.  Hnt  it  nK;\  ')<■  oS- 
jrcli'jl  to  this  H  muIi,  that  llic  proporiifin  of  h\  droL^cn  whirli  Ihmii.- 
ploNcd,  I'Ncn  suppohini;  it  to  \,v  (jnitc  ])Mi«',  w unhl  be  ImicIn  i'([!ii\.i- 
Icnl  to  satnralt'  21  \ohin.cs  f^  oxy^^cn  ;  and  th^.t,  nndcr  ti;<  -i-  i  iv- 
cumsianct-s,  1  \(dnnic,  o:*  part  of  a  \ohiiiu:.  of  <j\V';ciu  ni..v  \<iv 
probahly  havt-  ('s<a[)j'd  c(^i:(h'nsution. 

.'iliiinsj./n  rhcl  (!{i\  /t'/n  .1  I'f  ri/  ( (ht^iih  nif'lt/  nirt/'it  </.  /  >  /( H'/t  n ./  u.iflt 
for  fiff/ipi'r/in::  t>.:i'ft^ft^//i. — 'i  h«-  lit-ncral  fa«  I,  llial  tlainc  c i ■.;-,.  n  m 
uir  lii.L^hly  laiclu-d  l»y  the  ai:-pMni[).  \\  as  w  ell  know  n  to  iih'  i  ai  iicr  t-x- 
pi'riuwntcr-'.  npon  the  Hon  han  v .:«  tuini;  hui  Mn*  (U';^rt  c  jif  r.ii  i  la*  lii»n 
iU*C('!.'ar\  to  this  cllrct,  lias  been  diMrii-ntly  slated.  Si;-  \\.  D.iW 
(on  llaiiic,  p.  ,>ri  foMid  that  a  jet  of  intlanied  hydmL^i.n  fnnnwlhit 
has  Ix-e!!  (ailed  thr  phil':Mij)hii  al  landh',  of  about  om-'^ixtb  tt'  an 
inch  in  lni'.;ht.  w  ht-n  intitxlueed  nndrr  a  i«'«ei\ei",  coniiiinin;.;  Iiuin 
'200  to  .■>(»(>  (  n'»i(  in<  lies  i)f  air,  enlari^ed  as  the  reLii\er  \^a>.  ex- 
hausted  by  an  air-j>unip.     ^\'htn  the  -.MUij^e  indicated  a  pvessuie 
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between  four  and  Bvc  times  less  than  that  of  the  atmosphere,  the 
flame  was  at  its  maximum  size ;  it  then  gradually  diminished  below, 
but  burned  above,  till  the  pressure  was  between  seven  and  eight 
times  less.  Using  a  larger  jet  with  the  same  apparatus,  it  burned 
till  the  pressure  was  reduced  to  one-tenth  that  of  the  atmosphere ; 
and  when  a  coil  of  platinum  wire  was  kept  in  the  flame  in  a  state 
of  ignition,  the  combustion  did  not  cease  till  the  pressure  was  re- 
duced thirteen  times.  The  combustibility  of  hydrogen  in  atmo- 
spheric air  does  not,  therefore,  appear  to  be  increased  or  diminished 
by  mere  rarefaction  from  the  removal  of  pressure,  but  to  cease  in 
rarefied  atmospheres,  only  when  the  heat  produced  is  insufficient 
to  keep  up  the  combustion,  or  at  that  point  when  it  is  incapable  of 
communicating  visible  ignition  to  metal.  .  The  same  law  extends 
to  all  other  combustibles,  a  circumstance  of  great  importance  in 
the  constitution  of  our  atmosphere,  which,  at  the  greatest  heights 
or  depths  at  which  man  can  exist,  still  preserves  the  same  relations 
to  combustible  bodies. 

It  is  not,  however,  by  the  same  degree  of  rarefaction  of  air,  that 
the  combustion  of  all  bodies  is  suspended  ;  for,  as  might  naturally 
be  expected,  those  which  require  least  heat  for  their  combustion, 
burn  in  more  rarefied  air  than  those  that  require  a  higher  tempera- 
ture ;  and  again,  those  tlial  produce  much  heat  in  their  combustion, 
burn  in  more  rarefied  air  than  those  which  evolve  little  heat.  The 
following  Table,  collected  from  Sir  II.  Davy's  experiments,  shows 
the  degrees  of  rarefaction  of  common  air,  at  which  the  combustion 
of  some  inflainniablc  bodies  ceases,  both  with  and  without  the  ap- 
pendage of  a  coil  of  platinum  wire. 

Without  With 

IMatiiiiim.  IMatiiitim. 

defiant  gas  ceases  to  burn  in  air  rarefied     -    -         11  to  12  times. 

Carbureted  hydrogen ----  4       --- 

Carboi»ic  oxide --  6       --- 

Alcohol }  r  4    r       -'*^Q 

-I,-       .  >  5  to  o       <  to  8 

AN  ax  ta])er     - ^ 

Sulphureted  hydioL^eii 7  ---- 

Sulphur 15  to  ^20  -     -     -     - 

Phosphorus    ---------       (>()     -     -  .     -     -     - 

By  prrserxini^  heat  in  rarefied  air.  Sir  II.  Davy  found  that  the 
iiifhiiniimiiou  of  bod'urs  muy  In*,  coiiiiniicd  when,  under  other  cir- 
ciiiiisiuiiees,  it  would  have  been  extinguished.  Thus,  when  cam- 
ph<M*  was  burned  in  a  glass  tube,  so  as  to  make  the  upper  part  of 
the  tube  red-hot,  the  inilanuiiation  continued  when  the  rarefaction 
w*as  nine  times;  whereas  it  would  only  continue  in  air  rarefied  six 
times,  when  the  camphor  was  burned  in  a  thick  metallic  tube, 
which  could  not  be  consideral)ly  heated  by  it.  By  other  experi- 
ments he  has  shown,  also,  that  expansion  by  heal,  instead  of  di- 
minishing the  combustibility  of  gases,  enables  them,  on  the  contrary, 
to  explodr  at  a  lower  temperature. 

77it  power  of  atmoifphcr'u:  idr  to  support  combustion  is  diminished 
also  l)y  viiyniL^  it  with  sonic  other  senses, — Thus,  Sir  II.  Davy  found 
that  a  candle  is  instantly  extinguished  in  air  mixed  with  onc-teulh 
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or  eiUii:al«<1  fluoric  acW  gas,  or  with  one-sixth  of  muriatic  acid  ni, 
Hut  air.  lliua  rendered  lDa(1ri]natc  (o  mipporl  the  curabusUon  ofone 
son  of  iDflaniTnablc  subxupcc;,  in  ciipublt;  of  luainiaiiiinij  Uiat  of 
others,  »  ill  prowd  in  un  elegant  manucr  by  the  foUowuig  cxpm- 
ineat  "I*  ll"!  »ame  jtbilusopher.  Into  a  long  bottle  with  a  narrow 
netk  introduce  a  lighted  taper,  and  kt  ii  burn  till  it  it  rxiingHtsbrd. 
Carefully  slop  the  bottle,  and  introtlticc  anutht'r  liifhicd  taper;  it 
will  lie  cxtingutshed  hrforu  it  reaches  tlie  bottom  of  the  necli;tlicQ 
introduct^  u  Kmall  lube  conlainlnf^xinc  and  ililuicd  sulphuric  acid, 
at  the  mouth  of  which  the  hydrogen  is  jnil.-imrd;  the  hydro)^ 
will  be  fuuiid  to  burn  in  whaievtr  part  of  ilie  vessel  it  is  placr.il. 
After  Ibc  hydrogen  ioi-xiinfjuiHhed,  intruduci-  lij^hH-'dsuliihur)  thia 
will  bum  for  some  timit^  and.  after  iu  extinction,  photphtirus  wiD 
lie  as  luminous  as  iu  the  open  air,  and,  if  heated  in  the  buttle,  will 
produce  a  pale  yellow  Bainc  of  considerable  densitr.  (Davy  oa 
Flame,  p.  82,  j 

Steam  and  other  vapourti,  which  rcituire  a  coimidvraUe  heal  tot 
their  formation,  have  a  less  power  of  prcventin);  combuattoa,  pw 
licularty  of  those  hodici  requiring  low  icmpepamrc*,  than  gnsctU 
the  common  heal  of  the  atmosphere.  'I'hui  Sir  f  I.  Dai  y  f(>und  itwt 
u  very  large  (juantiiy  of  Meam  wa-t  uccesMrv  to  prevent  sulphur 
from  burning.  Oxygen  and  hydrugcn  exploded  hy  the  electric 
•paj'k,  when  mixed  with  five  times  their  volume  of  bteamt  and 
even  a  mixture  nf  aii'  and  t-;ii*ljiji-e!cd  bydniyen,  Ihr  Icasi  explosire 
nfall  mi  .:■■       ,  ..■■,■,,.■'  ,  i  ■  |,i  ■■■■.■   '  ,.li:\ioB, 

wbrr,  ...  Hd.) 

77,'  _  ....    "■''",? 

a  more  vivid  eonUiualion. — Sir  II.  Diivy's  ixpoi-inients  are  the  only 
ones  we  possess  on  this  subject,  lie  coiulcnscd  air  nearly  five  times, 
and  then  ignited  iron  wire  to  whiteness  in  ii,  by  the  Voltaic  appa- 
ratus, but  the  combustion  took  phcc  with  very  little  more  bright- 
ness than  in  the  common  almusphurc,  anil  tvuiild  not  continue  as 
in  oxygen;  nor  did  charcoal  burn  much  mure  brightly  in  this  com- 
pressed air  than  in  common  air.  l''rom  the  experiments  of  Ues- 
pretz,  (37  Ann.  dc  Ch.  et  de  I'h.  IBi,)  it  does  not  appear  that  the 
quantity  of  heal,  given  out  by  charcoal  during  combustion,  is 
greater  or  less  in  condensed  oxygen  jfas  than  in  g-as  of  common 
density;  and  he  isof  opinion  that  the  same  uniformity  would  be  ob- 
served in  the  combustion  of  sulphur  and  of  other  bodies,  which 
burn  in  oxygen  without  changing  its  volume. 

Mmoipkeric  air  gupportt  animM  life  oniy  in  consequence  of  the  oxy- 
gen gas  toldch  it  contains. — .\ir,  after  having  been  received  into  the 
lungs,  and  again  expired,  is  fouud  to  have  lust  a  considerable  part 
of  its  oxygen,  viz.  from  10  to  IS  per  rent.  It  proves  fatal  to  ani- 
mals, however,  long  before  this  element  is  wholly  exhausted;  and 
hence  it  appears  that  a  considerable  proportion  of  oxygen  gas  is 
necessary  to  fit  the  air  for  supporting  respiration.  As  the  analysis 
of  expired  air  rec]uires  an  ar<|uaititan<'.e  with  another  gas,  not 
hitherto  described,  riz.  carbonic  acid,  its  examination  will  be  post- 
poned to  a  future  occasion. 
'    MmosplKnc  air  u  diHuniahal  in  vvluiiu:  by  aiwital  TisjHTotiaiu— 
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This  may  l)C  shown  by  repeating  a  very  simple  experiment,  origi- 
nally contrived  by  Mayow.  He  confined  a  mouse  m  a  small  glass 
jar,  and  tied  the  jar  over,  quickly  and  firmly,  with  moistened  blad- 
der. The  heat  of  the  animal  first  expanded  the  air,  and  rendered 
the  bladder  convex  outwards;  but  when  the  animal,  after  death, 
had  become  cold,  the  bladder  exhibited  a  hollow  surface,  proving 
that  the  air  within  the  jar  was  diminished  in  bulk. 

The  exact  amount  of  the  diminution  may  be  shown,  by  confin- 
ing a  mouse,  over  water,  in  a  graduated  jar,  furnished  with  a  stop- 
cock, and  containin^q  common  air.  As  the  heat  of  the  animal,  how- 
ever, would  occasion  the  expulsion  of  part  of  the  air,  it  is  expedi- 
ent, on  first  deprcssinpf  the  jar  into  water,  to  open  the  cock,  through 
which  a  part  of  the  uir  will  escape;  the  cock  is  then  to  be  shut, 
and  the  height  of  the  water  within  lo  be  accurately  noted.  At  first 
the  level  will  be  depressed,  in  consequence  of  the  expansion  of  the 
air  by  the  warmth  of  the  animal;  but,  after  its  death,  a  sensible 
diminution  will  have  taken  place. 

Weight  of  air. — The  weight  of  100  cubic  incfics  of  atmospheric 
air,  at  60°  Tahr.  and  30  indies  barometer,  is  said  by  Mr.  Kirwau 
to  be  30.92  grains.  Sir  H.  Davy  slates  it,  when  under  the  same 
pressure,  but  at  55°  Fahrenheit,  to  ])C  31.10  grains;  from  which  it 
may  be  deduced  that,  with  the  temperature  and  pressure  assumed 
by  Mr.  Kirwan,  100  inches  would  weigh  30.7rt  grains.  Under  the 
same  circumstances.  Sir  George  Shuckburgh's  experiments  fix  its 
weight  at  30.5  grains,  a  number  confirmed  by  the  subsequent  in- 
vestigations of  Mr.  Rice.  TAnn.  of  Phil.  vol.  xiii.)  Mr.  Brande, 
(Manual,!.  379,)  dechires,  irom  twelve  experiments  made  at  the 
Royal  Institution,  wiih  jj^reut  care  and  an  excellent  balance,  that  100 
cubic  inches  of  air,  at  a  mean  of  the  barometer  and  thermometer, 
weigh  only  30.199  grains.  This  Dr.  Prout  considers  as  below  the 
truth.  (Phil.  Trans.  18^27;  and  Turner's  Chemistry,  2d.  edit.  p. 
808.)  And  his  exjxrinicnts,  and  those  of  Mr.  Dallon,  (New  Sys- 
tcni,  ii.  3{il.)  with  which  my  own  agree,  make  its  weight  fully  31 
grains,  after  the  necessary  corrections  for  moisture.  On  the  whole, 
perhaps,  31  grains  may  be  considered  as  a  near  approximation  to 
the  correct  weight  of  KM)  cubic  inches  of  atmospheric  air  at  a 
mean  of  the  barometer  and  thermometer,  and  either  dry  or  cor- 
rected for  aqueous  vapcHir. 

Coustitntlnn  of  the  af  ititfspltrrr.'—'AW  eudiometrical  processes  have 
hitherto  concurred  to  piove  that,  apart  from  the  carbonic  acid  and 
acjueous  vapour,  and,  accord in:<  to  the  ex])eriments  of  Vogel  and 
others,  a  little  muriatic  acid  (Ann.  of  Phil.  X.  S.  vi.  25),  which 
are  present  in  atiiiosplu-ric  air.  100  volmnrs  consist  of  nearly  21 
oxygen,  and  79  nitrogen;  or,  including  tlu-  two  former  ingredients, 
that  it  is  constituted,  at  a  mean  ic'mperature  and  pressure,  of 

Nitrogen  gas  -     -  -  7r.  :>  by  measure     -     -  75.55  by  weight. 

Oxygen  gas     -     -  -  21.  ' 23.32 

Afpieous  va])our  -  -  1.42 1.03 

Carbonic  acid       -  -  0.08 0.10 


100.00  100.00 

Vol.  1  L  1 
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(t  h  rcmArkablc,  that)  wiih  ihc  exception  of  ihe  aqueous  vsiiouri 
the.  qunntiiy  of  which  v&riea  with  the  ten)|M;rature,  as  will  prcaentlr 
appetir  [  of  » little  murUtic  acid,  which  is  only  found  in  air  within 
a  certain  diftUnce  from  ihc  sea;  and,  according  lo  Licbig,  ofatracc 
of  nitric  acid,  di»covcrn1>1v  in  rain  which  has  fallen  immediately 
after  lighlninE;  (An.  de  Ch.  ttc.  July  1827) ;  the  <uher  ingredients 
of  the  utmuspliere  bear  at  all  timca,  iu  all  qu:irters  of  the  t^oite, 
and  alall  accessible  helKhta  above  its  surface,  the  lame  relative 
I)roponion  to  each  other.  Thus  air  from  the  Alps  analysed  by 
Saussiirc,  jun-i  from  Spain  by  De  Marti,  from  l-'rancc  and  Kjfvpt 
by  BtTthollcl,  (rani£n^lancl  and  the  coast  of  Guinea  by  Davy,  from 
ttic  Teak  of  Tenerifie  and  froiu  near  the  summit  of  the  Atulea  by 
Iluniboldl,  and  from  ihe  height  of  nearly  22, 000  feet  by  Gay  Luiuc 
and  Thcnard,  all  gave  results  apprunchiii^  as  nearly  u  possible  U> 
each  other.  The  unknown  ingredients  which  arc  occasionaUy 
mingled  with  the  utniospherc,  and  which  impart  to  it  deleterious 
properties,  arc  either  of  loo  subtile  a  nature,  or  present  lu  toasroaU 
u  proportioa  to  be  discoverable  by  our  imperfect  inslruneDls. 

Two  views  have  been  taken  of  the  nature  of  the  union,  which 
(Txlsts  among  the  several  elastic  fluids  cotistituiing  the  aimosphcrr. 
By  iht:  greater  part  of  cbumists  it  has  liccn  considered  as  a  chemi- 
cal compound,  chiefly  from  the  unifonnily  of  its  composition,  anJ 
from  the  fact  that  its  several  ingredients  do  not  separate  and  ar- 
ran^  themselves  according  to  their  respective  specific  gravities. 
Mr.  Dulton  was  the  first  who  presented,  under  a  distinct  view,  the 
theory,  that  of  the  various  elastic  fluids  constituting  the  atmosphere, 
the  particles  of  one  have  neither  attractive  nor  repulsive  power 
towards  those  of  another ;  but  that  the  weight  or  pressure,  upon 
any  one  particle  of  any  fluid  mixture  of  this  sort,  arises  solely  from 
the  particles  of  its  own  kind.  (Manchester  Memoirs,  v.  583.)  Ac- 
cording to  this  hvpothesis,  oxy^n,  azotic,  and  carbonic  acid  gases 
{or  indeed   :itiv  numhrrl.  mav  i-xist  t<iir^th..r  niid'T  ; 


it  may  at  first  appear,  occupies  the  whole  space  allotted  for  alL 
Each  ingredient  of  the  atmosphere,  on  this  view,  exerts  its  own 
separate  pressure  in  supporting  the  mercury  of  the  barometer,  and 
performs  the  part  assigned  to  it  in  the  following  Tabic : 

loch,  of  Mcrcuiy. 
The  Nitrogen  gas  exerts  a  pressure     -     .     -     «■     £3.36 

Oxygen  gas =       6.18 

Aqueous  vapour b       0.44 

Carbonic  acid  gas  --..■--.     ^       0,02 

;  30.00 

To  enter  fully  into  the  arpintents  for  and  against  this  doctrine, 
would  lead  into  discussions  of  loo  great  length  for  an  elemenUry 
work.  The  subject,  too,  has  already  been  brought  before  the  reader 
in  a  preceding  chapter,  in  speaking  of  the  nature  of  the  connex- 
ion which  exists  between  aqueous  vapour  and  permanently  clastic 
fluids.  (See  p.  130.)  I  shall  only,  therefore,  express  my  opinion, 
that  on  the  whole  the  new  view  is  more  probable,  and  encumbered 
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with  fewer  difficulties,  than  the  theory^that  the  constituents  of  the 
atmosphere  are  held  united  by  chemical  affinity.  A  strong  argu* 
ment  in  its  favour  is  derived  from  the  recent  experiments  of  Dulong, 
which  show  that  the  refractive  power  of  atmospheric  air  is  precise* 
ly  equal  to  the  sum  of  the  refractive  powers  of  its  elements.  (Ann. 
de  Ch.  et  de  Ph.  xxxi.  165.)  Mr.  Dalton  has  candidly  acknowledg 
ed,  (Man.  Mem.  2d  Series,  i.  257,)  that,  taking  the  azotic  part 
of  the  atmosphere  as  a  standard,  the  oxygen  and  carbonic  acid  must, 
if  his  theory  be  true,  observe  a  decreasing  ratio  in  ascendine,  and 
the  aqueous  vapour  an  increasing  one.  But  on  the  summit  ofMont 
Blanc  fnearly  three  English  miles  in  perpendicular  height)  the 
ratio  of  the  oxygen  to  the  nitrogen,  supposing  it  to  be  as  21  to  79 
under  mean  pressure,  would  still  be  very  nearly  as  20  to  80,  and 
at  all  ordinary  heights  the  difference  of  proportion  must  be  scarcely 
appreciable.  On  this  subject,  the  reader  may  consult  a  paper  pub- 
lished by  Mr.  Dalton  in  the  Philosophical  Transactions  tor  1826, 
in  which  the  views  of  that  philosopher,  respecting  the  constitution 
of  the  atmosphere  at  different  elevations,  are  fully  developed. 

General  View  of  the  Compounds  of  Nitrogen  and  Oocygen. 

When  nitrogen  and  oxygen  gases  are  mingled  together,  in  what- 
soever proportions  they  are  employed,  no  combination  ensues. 
The  result  is  a  simple  mixture  of  the  two  gases,  which  do  not,  like 
inelastic  fluids,  separate  on  standing,  but  remain  diffused  through 
each  other  for  an  indefinite  length  of  time.  When,  however,  either 
one  or  both  of  these  elements  is  in  a  condensed  state,  or  deprived 
of  part  of  that  caloric  which  keeps  the  gravitating  particles  ot  gases 
at  a  distance  from  each  other,  they  unite  and  form  compounds,  dis- 
tinguished by  very  striking  properties.  According  to  the  propor- 
tions in  which  the  oxygen  and  nitrogen  exist  in  these  compounds, 
their  qualities  undergo  a  remarkable  variation,  so  that,  from  two 
elementary  bodies,  variously  united,  we  have  several  compounds, 
totally  unlike  each  other  in  external  qualities,  as  well  as  in  their 
chemical  relations. 

Before  describing  the  compounds  of  oxygen  and  nitrogen  indi- 
vidually, it  will  contribute  to  perspicuity  to  take  a  general  survey 
of  the  whole.  Some  of  them  exist  essentially  in  an  aeriform  state, 
and  are  capable  of  uniting  with  water  and  other  liquids  in  small 
proportion  only.  Others,  again,  combine  with  water  to  such  an 
extent,  that  the  liquid  form  is  the  only  one  under  which  they  oc- 
cur to  our  observation.  When  entirely  deprived  of  water,  they 
are  all  essentially  gaseous  bodies. 

In  a  scries  of  the  compounds  of  nitrogen,  founded  on  their  pro- 
portion of  oxygen,  they  occupy  (excluding  atmospherical  air  from 
the  number),  the  following  order,  the  last  containing  the  largest 
proportion  of  oxygen,  viz,  nitrous  oxide,  nitric  oxide  or  nitrous 
gas,  hypo-nitrous  acid,  nitrous  acid  or  nitrous  vapour,  and  nitric 
acid.  The  two  first  are  sparingly  soluble  in  water;  but  the  three 
last  unite  with  it  largely,  and  form  liquid  compounds  of  decidedly 
acid  taste  and  qualities. 


'    MMPLB    ACIDiriAflLS    VOttltt- 


The  following  ta>>to  exhibits  llio  comnosiUiuti,  hj  weight,  of  ihnc 
of  the«R  bodies,  the  calcubiion  beiii;;  Touuded  on  llir.  rxpcritaotu 
of  Sic  il-  Davy,  pablishcd  in  llic  year  IttOU  ia  his  "  Itcicarchct"       ' 


Kline.       <Ntb.    \  f      VUnf.       0^^ 

Nitrous  oxide  (proKaide)     -     63.3(1    36.70/        ^      14        «.lir 

gaa  (deuioxide)  -     -     44.05     5J.!)5><""5      14       l7.6Wt 

NlttouB  acid"    ----..    39.50    7a50 )       (      H      5-'*-^«> 

Whim  Uicnc  weiglita  arc  converted  inlo  rnlumi'it,  (inklnR  100 
cub.  III.  ol  iixyi^cn  pan  at  33.S  ^raiiiik,  iind  10(p  in.  a(  aiWogcn  ti 
S9.5  gr.)  wf  ubiaiii  Uic  followiti|f  proporiioDfl. 


1.  Nitrous  oxide  (protoxidt) 

2. .  gas  (deutoxide)  - 

3.  • acid 

Thu  rxperimenU  of  Sir  11.  Davyt  llioiigh  made  at  a  time  when 
the  inttlrumcnts  and  processes  of  gascouK  anulyitis  were  much  less 
perfect  than  at  prosont,  are  of  great  value,  because  the  observation 
of  their  results  could  not  have  been  iiiHucnccd  by  any  hypotbrsis 
rcsiHTClinj^  volunii.s  or  atoms.  It  appears,  from  the  second  laWe. 
that  lI..^  [.niiHiriiuiis.  as  u>  i.il.itiu's.  .,i'  iii.>  ,-l,'iTu-nis  -jf  Nirrous  ox- 
ide. ,1"    ■!  "■■■-'  ' ■!■    ■'■'  ■  ■     ■:■■•■■■  ..'■-.  ..-.-■;.■    .    'i:.,!  jjas. 

lc>  tl..    ■■  .uH-X- 

perieuce  is  not  grtaicr  ihan  might  be  expected.  The  table  shows, 
abo,  that)  in  the  second  compound,  the  oxygen  is  not  far  from  a 
multiple  by  3  of  that  in  the  first;  and  that  the  oxygen  in  the  third 
is  little  less  than  a  multiple  by  2  of  that  in  the  second.  These  co- 
incidenceB,  and  others  of  the  same  kind,  suggested  to  Gay  Lussac 
the  theory  that  compounds,  wlu>»e  elaiiatis  are  gtucous,  an  coiuli/uted 
eitlter  of  equal  volumes  of  lliose  elements  ;  or,  ituil  if  one  of  the  elanenU 
txeeaU  the  other,  the  excess  is  by  sonie  simple  muitiple  of  its  volunu. 
That  the  proportions  of  nitrogen  and  oxygen  by  measure  do  not, 
in  the  foregoiu):;  instiinees,  rigorously  conform  to  this  law,  is  with 
great  probability  ascribed  by  Gay  Lussac  to  unavoidable  inaccura- 
cies, attendant  on  all  delicate  processes  for  determining  the  specific 
gravity  and  cunstiiution  of  guseous  bodies,  ta  one  instance,  the 
coincidence  was  proved  experimentally  by  Uerard,  who,  by  the  com- 
bustion of  potassium  in  lUO  measures  of  nitrous  gas,  obtained  ex- 
actly 50  measures  of  nitrogen;  and  this  has  since  been  proved  to 
be  the  true  proportion  of  its  elements.     Hence  the  table,  corrected 
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to  accord  with  ihc  views  of  Gay  Lussac,  and  enlarged  so  as  to 

comprehend  all  the  known  compounds  of  nitrogen,  will  stand  as 
follows : 


TabU  3. 


Nitrous  oxide  consists  of     1(K) 

gas-    -    -    - 

Hypo-nitrous  acid 
Nitrous  acid     -    -     - 
Nitric  acid  -    -    -    - 


Proportiom  by  Tolomr. 

Proportion 
Nicrogcv. 

-     14 

1  by  wiigfat. 

r                             1 

Nitrop^t-n.        Oxyipi'n. 

1(K)               50      -      - 

1 
Oxygtiu 

8 

100          100     -     - 

-     14 

16 

100          150     -     - 

-     14 

24 

100         200     -     - 

-     14 

32 

100         250     -     - 

-     14 

40 

In  all  the  above  compounds,  the  elements  are  in  a  state  of  con- 
densatioiiy  except  in  nitrous  gas,  in  which  the  nitrogen  and  oxygen 
arc-  precisely  in  the  same  state  of  density,  as  in  nitrogen  and  oxy- 
gen gases.  In  the  other  compounds,  the  contraction  is  exactly 
equivalent  to  the  volume  of  the  oxygen  gas ;  or,  in  otlier  words, 
the  volume  of  the  compound  is  equivalent  to  that  of  the  nitrogen. 
Tor  example. 

In  1  vol.  of  nitrous  oxide,  the  contraction  is  0.5  vol. 

-  -    -     -    nitrous  gas       ------     o.O 

-  -     -    -     hypo-nitrous  acid      -     -    -     -     1.5 

-  -     -    -     nitrous  acid  gas   -----     2.0 

-  -     -     -     nitric  acid  gas      -----     2.5 

Taking,  then,  the  specific  gravity  of  oxygen  gas  at  1.1111,  and 
that  of  nitrogen  at  0.1)7^^1,  and  knowing  the  proportions  of  those 
elements,  and  their  condensation,  it  is  easy  to  calculate  what  ought 
to  be  the  true  specific  gra\  ity  of  the  compound  gases.  In  some 
cases,  especially  in  tl\ose  oi*  tlie  acid  compounds  of  nitrogen,  their 
density  is  best  arrived  at  by  this  method,  which  should  always  be 
used  as  a  check  upon  actual  weighing.  The  density  of  nitrous  gas, 
the  elements  of  which  undergo  no  contraction,  is  represented  by 
half  the  sum  of  the  densities  of  oxygen  and  nitrogen  gases.  Nitrous 
oxide  has  a  sp.  gr.  equal  to  the  density  of  nitrogen  -f-  half  that  of 
oxygen;  and  hypo-nitrous,  nitrous,  and  nitric  acid  gases  the  density 
of  nitrogen  -f  1.5,  i3,  and  2.5  times  the  density  of  oxygen  respect- 
ively. 

Mr.  Dalton,  who  was  tlie  first  to  observe  the  law  of  simple  mul- 
tiples in  the  compounds  of  oxygen  with  nitrous  gas,  has  given,  in 
his  **New  System  of  Chemical  Philosophy,"  a  table  of  the  com- 
pounds of  nitrogen  and  oxygen,  which  differs  essentially  from  that 
of  (iay  Lussac.  This  table,  however,  it  is  unnecessary  to  copy, 
because  it  has  been  since  materially  altered  by  the  author,  who  has 
presented  the  combining  volumes  under  the  following  corrected 
form.  (Thomson*s  Annals,  ix.  193.)  The  proportional  weights  I 
have  estimated  from  data  already  given  (p.  268). 
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Nitrous  oxide  -     -     lUO     + 

gas     .    .     100     +     1*4     -     -     -     U     +     30 

Hypo-nitrous  add  lOO  +  186  ■  -  -  1-1  +  30 
Nitrous  add  -  -  100  +  S48  -  -  -  14  +  40 
Nitric  add      -    -     100     +     310     ■■    -     14     +     50  i 

It  will  be  obviouB,  from  a  compArison  of  tUU  table  with  Table 3, 
ihal  it  assigns  to  all  the  compomida  of  nitiotfen  conMderably  more 
oxygen  than  is  a<lmUti'cl  by  Gay  Lussac  anil  others  to  cnlcr  itf  d 
ttidr  compoBitioti.  It  is  allowed,  on  nil  hantis,  that,  Kttin^  out 
from  nitrous  oxide,  the  other  comptfcinds  or  nitrogen  contain  pro- 
portions of  oxygen,  which  are  simple  multiples,  both  in  wngtil 
anil  in  volume,  of  ihc  oxygen  existing  in  nitrous  oxide.  The  only 
<jueslion.  then,  that  can  remain,  is,  whether  it  he  true  that  aae 
volume  of  nitrogen  tinttea  with  exactly  half  a  volume  of  oxygvn,  to 
conxtitulc  nitrous  oxide.  Now  of  this  fact  I  have  fully  satisfied 
myself,  by  a  set  of  analytical  experiments,  made  wltli  every  pre- 
caution that  could  be  thought  of  to  insure  accuracy ;  with  no  undue 
influence  from  theoretical  views ;  and  in  the  presence  of  scver&l 
competent  witnesses,  before  whom  they  have  been  frequently  re- 
peated. In  the  course  of  the  same  series  of  experiments,  I  obtained 
the  fullest  evidence  that,  in  nitrous  gas,  the  elements  are  in  e<judl 
volumes,  and  that,  in  nitric  acid,  the  volumes  are  1  of  nitro^vn  to 
2.5  of  oxygen.  The  third  table  may,  therefore,  be  considered  as 
^ving  a  correct  view,  both  as  to  weights  and  volumes,  of  the  ele- 
ments of  the  6ve  known  compounds  of  nitrogen  and  oxygen. 

With  respect,  however,  to  the  determination  of  the  atomic 
weights  of  nitrogen  and  oxygen,  and  to  the  decision  of  the  point, 
which  of  their  compounds  we  are  to  take  as  the  true  binary  one  of 
an  atom  of  each  element,  there  is  still  room  for  discussion.  Dallon 
and  Berzelius  consider  nitrous  gas  (deutoxidc)  as  the  true  binary 
compound,  and  regard  nitrous  oxide  as  2  atoms  of  nitrogen  +  1 
atom  of  oxygen ;  while  the  greater  number  of  chemists  set  out 
from  nitrous  oxide  as  the  compound  of  1  atom  of  each  element, 
and  consider  nitrous  gas  as  I  atom  of  nitrogen  +  2  atoms  of  oxy- 
gen. Nor  is  this  a  difficulty  which  can  be  cleared  up  by  experi- 
ment, since  it  arises  entirely  out  of  the  manner  in  which  we  choose 
to  interpret  the  facts.  The  case  is  precisely  analogous  to  the  one 
which  1  have  already  stated  with  regard  to  the  atomic  weight  of 
copper  and  its  oxides.  (P.  56.)  It  is  obvious  that,  in  this  instance, 
the  proportion  of  14  nitrogen  to  16  oxygen,  constituting  nitrous  gas, 
is  the  same  as  that  of  7  to  8.  Having,  then,  from  an  extensive  sur- 
rey of  the  compounds  of  oxygen  with  other  bodies,  arrived  at  8  as 
the  numlier  expressing  its  atomic  weight,  we  are  quite  at  liberty 
to  take  7  as  the  representative  number  of  nitrogen.  We  should 
then  have  7  X  2  ^  14  ■=  2  atoms  of  nitrogen  in  nitrous  oxide. 
Nor,  so  far  as  the  evidence  of  direct  experiment  goes,  is  the  one 
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view  more  probable  than  the  other ;  and  the  question  can  only  be 
investigated  by  examining  probabilities,  derived  from  other  consi- 
derations. The  two  views  arc  contrasted  in  the  following  Table  >— 


Nitr.  7.        Ox.  8.       At.  Wt. 

Nitrous  oxide  -    2  at  +  1  at.  ■>  22 
gas  -    -     1  at  +  1  s^t*  »  1^ 


Nit.  14.       Ox.  8.        At.Wt. 

1  at  +  1  at  »  22 
1  at  +  2  at.  a  30 
1  at  +  3  at  s  38 
1  at  +  4  at  ■>  46 
1  at  +  5  at  »  54 


Hypo-nitric  acid  2  at  -f-  3  at  n  38 
Nitrous  acid  -  1  at  +  ^  at.  »  23 
Nitric  acid       -    2  at  +  ^  at  b  54 

To  state,  otherwise  than  very  briefly,  the  arguments  in  favour  of 
each  of  the  above  views,  would  lead  me  into  discussions  unsuitable 
to  the  nature  of  this  work.  In  behalf  of  the  opinion  that,  nitrogen 
being  14,  the  oxygen,  in  its  compounds,  is  in  the  arithmetical  pro- 
portion of  8, 16,  24,32,40,  may  be  advanced  the  greater  simplicity 
of  that  view,  and  its  accordance  with  the  results  of  analysis.  In  fa- 
vour of  the  second,  Mr.  Dalton  has  argued  that,  since  nitrous  gas 
is  more  difficultly  decomposed  by  combustible  bodies  than  nitrous 
oude,  we  may,  agreeably  to  the  method  of  reasoning  of  which  I 
have  given  an  example  at  pp.  56,  57^  consider  the  former  as  the 
more  simple  compound.  He  alleges,  also,  that  when  we  electrify 
mixtures  of  nitrogen  and  oxygen  gases,  we  generally  find  that  ni- 
trous gas  is  produced,  but  never  nitrous  oxide;  and  that  it  is  most 
reasonable  to  suppose  that,  under  such  circumstances,  the  binary 
compound  will  be  most  easily  formed. 

The  adoption  of  the  opinion  that  7  is  the  atomic  weight  of  ni- 
trogen would  materially  alter  our  views  of  ammonia.  In  that  com- 
pound, it  is  ascertained  that  we  have  by  weight  14  nitrogen  +  3 
hydrogen,  or  1  atom  nitrogen  +  3  atoms  of  hydrogen.  But,  if  7 
represent  the  atom  of  nitrogen  (the  atom  of  hydrogen  being  already 
determined  to  be  1  from  the  composition  of  water)  we  shall  have 
in  ammonia  1  atom  of  nitrogen  +  1.5  hydrogen;  or,  to  overcome 
the  difficulty  of  half  an  atom,  2  atoms  of  nitrogen  +  3  atoms  of 
hydrogen.  This  manner  of  viewing  the  phenomena  would  lead  to 
such  an  extensive  change  in  the  equivalent  numbers  now  generally 
received,  that,  till  stronger  reasons  can  be  given  for  halving  the 
atomic  number  for  nitrogen,  I  shall  continue  to  represent  nitrogen 
by  14,  and  the  oxygen,  in  its  compounds,  as  multiples  of  8  by  1,2, 
3,  4,  and  5. 

Protoxide  of  Nitrogen, — Nitrous  Oxide  of  Davy. 

This  compound  of  oxygen  and  nitrogen  may  be  obtained  by  se- 
veral processes: 

(1)  By  exposing  common  nitrous  gas  for  a  few  days  to  iron  fil- 
ings, or  to  various  other  bodies  strongly  attracting  oxygen,  the 
former  gas  is  changed  into  nitrous  oxide.  Some  nicety  and  expe- 
rience arc  required  to  suspend  the  decomposition  before  it  has 
gone  too  far ;  in  which  case  nitrogen  gas  is  obtained  along  with 
nitrous  oxide.  The  sulphite  of  potassa,  being  incapable  of  decom- 
posing nitrous  oxide,  is  better  adapted  to  the  conversion  of  nitrous 
gas  into  that  elastic  fluid.    The  process,  in  all  cases,  may  be  sua- 
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tcrulcd,  when  ahout  twu-thirds  of  the  orl^iaal  bulk  of  the  gia  An 
eft. 

(3)  By  disAolTing  zinc,  or  tin,  in  nitric  acid,  diluted  with  Sve  or  j 
six  times  its  wci|rhl  o(  ivaicr.  Zinc,  during  thin  solution,  discagaucs 
nitrous  oxide  till  the  acid  begins  to  exhibit  a  brownish  ciilour,  when 
the  proc«M  mutt  be  suNpcnded,  u  nitrous  t>^»  n  then  rormnl.  But 
byncitlicrof  [ht-ae  mcihods  ia  the  gssobtaiFicd  siillicicnilf  pore  for 
exhibltini;  its  cfiialities.  For  procuring  il  in  a  alaic  of  pwrity,  the  * 
follovring  is  the  be«  proc<:)t3. 

(3)  To  nitric  acid,  diluted  with  five  or  nix  parta  of  water.  Mid  the 
commoR  carbonuteuf  ummoni&of  the  aliops,  till  the  tcid  iswtnni- 
ed.  Then  evaporate  the  solution  by  a  gentle  heat,  until  a  glau  rod, 
when  (tipped  mto  i^  and  rapidly  cooled,  is  found  to  hare  ncquircd 
a  aolid  coaling ;  and,  to  supply  the  wa^tc  of  alkali,  add,  occoalMi- 
ally,  a  little  more  of  the  carbonate.  Tlic  sail,  obtained  after  ihu 
solution  has  cooled,  is  next  to  be  put  into  a  gla^a  n;tort.  oud  dl*- 
tillcd  with  a  sand-heat  not  eiceeding  440°  Fahr."  The  beat  of  an 
Argaud's  lamp  is  more  than  Mifficicnl,  and  rcquiren  cantiovi  rega- 
lation.  The  salt  will  presently  litjuefy,  and  mam  he  kept  Rvntiy  ' 
aimmering,  avoiding  violent  ebullition.  The  gas  Ruiy  l>c  eullccled 
over  water,  and  allowed  to  sialid  a  few  hours  before  it  is  used,  dur- 
ing which  time  il  will  deposit  a  white  substance,  and  will  become 
perfectly  transparent.  A  gazomcicr,  however^  ia  beat  adapted  for 
!..  . .:..„    1 .,11  ,1 _  ;,  .1— ;,i...i  „r  ,i.„  .~,>...-r.L- 
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The  changes  that  take  place,  during  tlic  conversion  of  nitrate 
a  into  nitrous  oxide,  arc  shown  by  the  following  diagrai 
28  Nitrous  oxide. 
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Nitrate  of  ammonia  consists  (exclusively  of  water)  of  54  nitric 
acid  and  IT  ammonia.  Now  34  parts  of  nitric  acid  arc  compos- 
ed of  40  oxygen  and  14  nitrogen;  and  17  of  ammonia  consist  of  3 
hydrogen  and  14  nitrogen.  At  a  high  lem|)erature,  the  b.ilance  of 
affinities,  which  preserved  the  original  compound,  is  disturbed;  the 
3  parts  (or  atoms)  oF  hydrogen  unite  with  .T  atoms  of  oxygen  (8  X 
S  =  24}  to  form  27  of  water;  and  the  residuary  16  of  oxygen  (= 
■S  atoms)  combine  with  the  whole  nitrogen  28  (also  eipial  to  2 
atoms),  or,  dividing  both  numbers  by  2,  we  have  8  oxygen  (■■   t 

•  From  tlie  obsfrvnioiia  of  Mr.  Sullcr  (Nicholson'*  Joumil,  XV.  286),  il  «p- 
peu*  thst  the  piirily  cif  the  iiitnic  of  inimoiiiu  is  nf  cuiisiilerahlc  ini|>iirl>nce  ; 
■nd  that  its  iduheislion  with  muriate  dlminiiliu  the  qtunlJIy,  ami  impaln  tbe 
quality  of  the  gas,  obtained  from  it  by  beat. 
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atom)  combined  in  the  resulting  gas  with  14  (=b  1  atom)  of  nitro- 
gen. 

The  gas,  thus  obtained,  was  termed,  by  its  discoverer,  Dr.  Priest- 
ley, dephlos^isticated  nitrous  air$  by  the  associated  Dutch  chemists, 
gaseous  oxide  of  azofe.  Its  most  appropriate  title  is  protoxide  of' ni- 
trogen; but,  for  the  sake  of  brevity,  I  shall  occasionally  use,  with 
Sir  H.  Davy,  the  name  of  nitrous  oxide.  An  elaborate  investiga- 
tion of  its  properties  and  composition  has  been  described  by  that 
philosopher,  in  his  ^  Researches,  Chemical  and  PhilosophicaL" 
London,  Johnson,  1809. 

In  order  to  ascertain  whether  nitrous  oxide  be  adulterated  with 
either  common  air  or  oxygen  gas,  we  may  mix  equal  measures  of 
the  gas  under  examination,  and  of  nitrous  gas.  If  any  diminution 
ensue,  the  presence  of  one  of  these  may  be  suspected ;  and  the 
amount  of  the  diminution  will  show  which  of  them  is  contained  in 
it.  Nitrous  gas,  however, is  a  much  more  common  contamination; 
for  it  is  generated,  along  with  nitrous  oxide,  whenever  the  tempe- 
rature of  the  salt  is  raised  too  high.  Its  presence  may  be  detected 
either  by  red  fumes  and  a  diminution  on  the  admixture  of  oxygen 
gas,  or  by  an  absorption  being  effected  on  agitating  the  gas  with  a 
solution  of  green  sulphate  of  iron,  which  has  no  action  on  pure  ni- 
trous oxide. 

Nitrous  oxide  gas  has  the  following  properties : 

Specific  grctvity. — It  is  considerably  heavier  than  common  air. 
At  about  55°  Fahr.  and  30  inches  pressure,  100  cubic  inches  weigh 
50.20  grains,  or  under  the  same  pressure,  and  at  GO"  Fahr.  49.68. 
(Davy.)  More  recently  Sir  H.  Davy  has  stated  100  cubic  inches  to 
weigh  between  48  and  49  grains,  and  hence  its  specific  gravity 
should  bo  very  nearly  1.0.  Colin  makes  it  only  1.5204,  or,  correct- 
ed by  calculation,  1.5209;  Dr.  Thomson  1.5269,  or  1.5277  by  cal- 
culation ;  and  Berzelius  and  I) u long  1.5273.  These  slight  differences 
in  the  results  of  calculation  arise  from  trifling  disagreements  as  to 
the  specific  gravities  of  its  elements;  for,  as  the  compound  gas  con- 
sists of  i  vol.  of  oxygen  and  1  vol.  of  nitrogen,  in  the  space  of  1 
vol.,  we  obtain  its  specific  gravity  by  adding  half  the  sp.  gr.  of  oxy- 
gen gas  to  the  sp.  gr.  of  nitrogen  gas. 

JAqiiffuciion. — Nitrous  oxide  was  produced  by  Mr.  Faraday  un- 
der great  pressure,  in  a  liquid  form.  Some  nitrate  of  ammonia, 
made  as  dry  as  j)ossible,  was  sealed  up  in  a  bent  tube,  which  was 
heated  at  one  end,  the  other  end  being  kept  cool.  Two  fluids  were 
thus  obtained;  the  heavier,  on  examination,  proved  to  be  water, 
with  a  little  acid  and  nitrous  oxide  in  solution ;  the  other  was  ni- 
trous oxide  in  a  liquid  state.  It  was  colourless,  limpid,  and  so  vo- 
latile, that  the  warmth  of  the  hand  caused  it  to  disappear  in  va- 
pour. It  boiled  readily  by  the  difllerence  of  temperature  between  O 
and  50*^.  It  had  no  lendencv  to  solidiiV  at —  10^  Fahr.  A  tube 
being  opened  in  the  air,  the  nitrous  oxide  instantly  burst  into  va- 
pour, and  another  tube  being  opened  under  water,  the  gas  was  col- 
lected. A  gauge  being  introduced  into  a  tube,  in  which  liquid  ni- 
trous oxide  was  afterwards  produced,  gave  the  pressiirc  of  its  va- 
VoL.  I.  M  m 
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pour  cqaal  to  above  50  almospheres  td  45"  Fthr.  (Phil.  Tniu. 
1823,  p.  195.) 

WcE»n  of  iKo/fr.— Nilt-ouB  oxide  is  npidlf  abRorhcd  by  water  Uut 
hu  beca  prcviuuily  boiled,  nbout  onc-ihirtkth  the  oH|{inal  bulk 
of  tlte  f;M  remaining  uiicondvn»ed.  A  ijuuniiiy  of  k^V  equal  (o 
coni^iilui'ulily  moru  than  iitiierletilha  llic  bulk  o(  ilic  wulcr,  la^f  be 
thus  made  lo  libupjiear.  This  properly  riiniiahci  •  t»«tof  ihe  po* 
rity  of  nitrous  uxide;  for  the  pure  gas  u  almoul  entirely  sbMirlied 
'  by  boiled  water,  which  has  cooled  without  llie  actesii  of  air.  The 
gas  rmptoyeil  should  cscccd  llie  water  three  or  four  times  in  bulk, 
in  Order  to  obtain  a  saturaled  solution;  but,  whatever  core  be  uacd, 
the  proportion  uf  the  unabsorbcd  residuum  will  be  liable  to  »ottM! 
variftlion,  from  the  uncert^iin  quantity  of  other  gases  tgitricaUd 
from  the  waWr  Itself. 

Water,  that  has  been  saturated  with  this  gas,  ^vrs  it  out  agaia, 
unchan^iul,  when  heated.  The  impregnatwl  water  dors  not  change 
blue  vegetable  colours.  It  has  a  distinctly  sweet  taste,  aotl  a  faiat, 
but  ngrceable.  odour. 

Elect nficatiott.^-^ir  H,  Davy,  by  pa&iiing  electric  sparks  for  toote    , 
lime  through  seven  measures  of  nitrous  oxide  over  mercury,  foand 
it  reduced  to  €1  measures.     The  residue  was  a  gaa  analogous  ia 
properties  to  atmospheric  air;  and  some  nilroun  acid  was  alsopnr- 
ducud.  (Researches,  p.  S8^) 

Action  of  AeuC-^Whvn  passed  through  a  porcelain  lufie,  well 
glazed  both  inside  and  outside,  aiul  .■■■:!,  ,!■.  1  .  ir.  ,1  i',  ..  fin  nac^,  a 
gua  came  over  which  was  rtnil'i'  .jiniir; 

but  which,  after  the  spontaneous  condensation  of  this,  exhibited 
very  nearly  the  same  properties  as  atmospheric  air.  Neither  this 
mode  of  decomposition,  however,  nor  the  last,  furnishes  results  suf- 
ficienlly  exact  lo  give  any  insight  into  the  proportion  of  the  c^om- 
ponents  of  nitrous  oxide. 

Helton  of  eombuaiiblu. — A  candle  burns  in  nitrous  oxide  with  a 
brilliant  white  flame  and  crackling  noise.  Before  its  extinction, 
the  white  inner  flame  becomes  surrounded  with  an  exterior  blue 
one. 

Phosphorus,  introduced  into  it  in  a  state  of  inflammation,  bunts 
with  increased  splendour.  Phosphorus,  however,  maybe  melted 
and  sublimed  in  this  gas  without  alteration.  It  may  even  be  toucb> 
•d  with  red-hot  iron  wire,  without  being  inflamed;  but  when  wire 
intensely  heated,  or  made  white-hot,  is  applied,  the  phosphorus 
bums,  or  rather  detonates,  with  prodigious  violence. 

Sulphur,  introduced  into  nitrous  oxide  when  burning  with  a  Hee- 
bie blue  flame,  is  instantly  extinguished;  but  when  in  a  state  of  ac- 
tive inflammation,  it  bums  with  a  vivid  and  beautiful  rose-colour>- 
ed  flame. 

Red-hot  charcoal  bums  in  nitrous  oxide  more  brilliantly  than  in 
ihe  atmosphere.  When  the  experiment  is  made  in  a  proper  appa* 
ratua,  the  results  of  its  combustion  are  found  to  be  one  measure 
of  nitrogen  gas  and  half  a  measure  of  carbonic  acid  (e(|uivalent  to 
half  a  measure  of  oxygen)  from  each  measure  of  nitrons  oxide. 

A  mixture  of  this  gas  with  hydrogen  gas  detonates  loudly,  on  ap- 
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plying  a  lighted  taper,  or  passing  an  electric  spark,  and  is  decom- 
posed also  by  spongy  platinum  at  common  temperatures. 

When  the  proportion  of  hydrogen  a  little  exceeds  in  volume  that 
of  nitrous  oxide,  viz,  as  40  to  39,  nitrogen  gas  only,  »  41  mea- 
sures, remains  after  the  explosion;  but  when  the  proportion  of  hy- 
drogen is  smaller,  nitric  acid  is  also  generated.  In  general  terms, 
it  may  be  stated  that  2  volumes  of  nitrous  oxide  require  for  de- 
composition 2  volumes  of  hydrogen  gas,  and  leave  after  combus- 
tion 2  volumes  of  nitrogen.  Now  we  know  that  2  volumes  of  hy- 
drogen are  equivalent  to  the  saturation  of  1  vol.  of  oxygen,  which, 
with  the  2  remaining  volumes  of  nitrogen,  must  make  up  the  com- 
position of  2  volumes  of  nitrous  oxide.  In  other  words,  1  vol.  of 
nitrous  oxide  consists  of  1  voL  of  nitrogen  -f  i  vol.  of  oxygen  con- 
densed into  the  space  of  1  vol.  And  as  1  vol.  of  nitrogen,  and  i 
vol.  of  oxygen  gases,  arc  each  equivalent  to  an  atom,  nitrous  oxide 
must  consist  of  1  atom  of  nitrogen  weighing  14,  and  1  atom  of 
oxygen  «>  8 ;  its  representative  numl>er  will  therefore  be  22. 

Nitrous  oxide  forms  (as  I  have  shown,  Philosophical  Transac- 
tions, 1809,  p.  444,)  a  combustible  mixture  with  ammoniacal  gas, 
100  measures  of  the  latter  requiring  for  perfect  decomposition  150 
measures  of  nitrous  oxide.  It  burns  also,  as  Davy  has  shown  (Re- 
searches, p.  SrS),  when  mixed  with  olefiant  gas;  and  I  have  point- 
ed out  an  easy  and  summary  way  of  analyzing  it,  by  firing  it  over 
mercury  with  carbonic  oxide.  (Ann.  of  Phil.  N.  S.  viii.  229.)  In 
this  case,  1  vol.  of  nitrous  oxide  is  decomposed  by  1  vol.  of  carbo- 
nic oxide,  and  there  result  1  vol.  of  carbonic  acid  and  1  vol.  of  ni- 
trogen. On  this  properly  is  founded  a  ready  and  correct  method 
of  testing  the  purity  of  nitrous  oxide.  Let  a  given  volume  be  ex- 
ploded with  a  slij^ht  excess  of  carbonic  oxide  of  known  purity;  for 
example,  110  or  115  measures  of  the  latter  to  100  of  nitrous  oxide. 
If  the  nitrous  oxide  be  pure,  we  ought  to  obtain  100  measures  of 
carbonic  acid  gas,  and  whatever  is  short  of  that  proportion  we  may 
impute  to  the  presence  of  foreign  gas  in  the  nitrous  oxide.  It  is  of 
course  implied  that  the  gas  has  been  found,  by  the  test  of  solu- 
tion of  green  sulphate  of  iron,  to  be  free  from  nitrous  gas  or  nitric 
oxide. 

Iron  wire  bums  in  this  gas  with  much  the  same  appearance  as 
in  oxygen  gas,  but  for  a  shorter  period. 

Action  of  oxygen  gas^  ^'c, — Nitrous  oxide  is  not  diminished  by 
admixture  with  cither  oxygen  or  nitrous  gas,  nor  is  it  altered  by 
contact  either  with  chlorine  or  iodine. 

ActiofiofalkulicH, — Nitrous  oxide  is  not  absorbed  by  alkalies;  but 
if  it  be  brought  into  contact  with  them,  when  in  a  nascent  state,  or 
before  it  has  assumed  the  form  of  a  gas,  it  then  i^nters  into  combi- 
nation with  alkaline  bases.  Thus,  when  a  mixture  of  sulphite  of 
potassa  and  pure  potassa  is  exposed  to  nilrous  gas,  the  gas  is  do- 
oxidized  by  the  sulphite,  and  changi^l  into  nitrous  oxide,  which 
unites  with  the  alkali.  We  ol)tain,  therefore,  a  mixture  of  sulphate 
of  potassa  with  a  compound  of  nitrous  oxide  and  alkali,  the  former 
of  which  may  be  separated  by  priority  of  crystallization.  The  lat- 
ter is  composed  of  about  three  parts  of  alkali,  and  one  of  nitrous  ox- 
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itie.  !t  iis  soluble  in  waicr;  ha*  a  causlic  taste,  of  peculiar  puoRCTi- 
cj;  and  converts  veR<;tabIc  blne»  W  ^cen.  Powdcrtd  cliarcoal, 
Tningled  vihli  it,  nnil  inilunifd,  burna  wltb  bright  iciniiltBtioti*. 
The  niirous  oxide  is  cxpellctl  Trotn  tixetl  alkalies  by  all  uiiU,  cvca 
by  the  carbonic. 

Htmiratioa. — Anim&Ia,  when  wholly  nonfinCfl  In  this  gu,  dfe 
speedily. 

One  of  the  most  extraordinary  propcrilca  of  this  gas,  is  exhibit- 
ed by  iw  action  on  the  human  body,  when  i-cccivcd  into  xhm  liutgs. 
When  thus  employed,  it  does  uol  prove  fatnl,  bccaii««,  when  md- 
mitled  iotd  the  lun^**  it  '■  mixed  and  diluted  with  the  aimotpheii- 
cal  air  present  in  that  organ.  To  admininler  the  gas,  it  may  be  ta- 
truduced  into  an  oik d  silk  ba|r  or  clean  bladder,  furnished  with  a 
siou-cock,  and  mav  be  breaUied  repeatedly  from  the  bag  and  back 
again,  a*  long  as  it  will  last.  The  scnsatiuoi  thai  are  produr.ed 
vary  i^aily  in  persons  of  ditTcrent  con!(iintiou» ;  but,  iu  gencra]> 
they  ure  highly  pleasurable,  and  resemble  those  alieudanl  nn  the 
early  prrioo  of  loloxieaiion.  Great  exhilaration,  an  invsistible 
propensity  to  laughter,  a  rapid  Dow  of  vivid  ideas,  and  an  unusual 
htiiesH  fur  muscular  exertion,  arc  the  ordinary  feelings  it  produces. 
These  pleasant  sensaiioits  it  must  be  added,  are  not  succcedwl, 
like  those  accompanying  the  grosser  elevaiiou  from  fermented  li- 
quors, by  any  subsequent  depression  of  nervoua  cner^. 

Deuloxide  of  yitrogen. — NilTma  Gan,  or  Ifitric  Oriilr. 

This  gas.  (hough  discovered  by  Dr.  Ilalcs,  was  iirsi  di»iirn-ily 
examined  by  Or.  I'riestlt-y.  and  called  by  liim  niir^ut  air,  a  lerm 
afterwards  changed  to  nilroua  gas,  then  to  nilric  ozitfe,  and  more 
lately  to  deutoTxde  of  axole,  or  deutoxidr  of  mlrogm,  which  last  ap- 
pears to  be  its  appropriate  title.  It  is  so  {generally  known,  how- 
ever, under  the  name  of  nitrous  gas,  that  1  shall  sometimca,  for  the 
sake  of  brevity,  continue  so  to  call  it. 

Nitrous  gas  may  be  easily  obtained  by  pouring,  upon  filings  or 
turnings  of  copper  contained  in  a  gas  bottle,  nitric  acid  of  density 
1.2  or  1.3,  without  applying  any  other  heat  than  that  occasioned 
by  the  action  of  the  acid  and  metal  on  each  other.  Quicksilver 
may  lie  subHtitined  for  copper,  and  with  cither  metal  a  more  dilute 
ftcid  may  be  empioye<l,  bnt  in  the  latter  case  it  will  be  found  ne- 
cessary to  apply  heal  to  the  materials.  During  this  process,  part 
of  the  uilric  acid  gi.es  osyRen  to  ilie  copper,  and  passes  to  the 
stale  of  nitrons  gas;  and  the  remaining  acid  unites  with  the  dcu- 
tosidc  itf  copper,  and  composes  the  deuto-nitrate  of  that  metah 

The  properties  of  nitrons  gas  are  the  following  : — 

Action  of  u-aler. — It  is  permanent  over  water;  but  it  is  absorbed 
in  the  proportion  of  about  I  volume  to  IH  or  30,  when  agitated 
with  water  which  has  been  recently  boiled,  and  has  bei'ome  cold. 
This  tohilion,  according  to  La  Grange,  is  converted,  by  long  keep- 
ing, into  nitrate  of  ammonia,  in  consequence  of  the  decomposition 
of  the  water. 

Nitrous  gas  is  rather  heavier  than  common  air.    One  hundred 
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cubic  inches  at  55°^  barometer  30°,  were  stated  by  Sir  IT.  Davy  in 
1800,  to  weigh  34.26,  or  at  60°  Fahr.  33.80  grains.  He  has  since, 
however,  given  the  weight  of  100  cubic  incites  at  32  grains,  and 
hence  its  specific  gravity  at  1.050.  Berard's  determination  is  con- 
siderably lower;  viz.  1.0388  by  experiment,  or  1.0364  corrected  by 
calculation;  Dr.  Thomson's  1.0409  by  experiment,  or  1.0416  from 
the  proportion  of  its  elements;  for  1.1111  +  0.9722  =:  2.0833, 
which,  divided  by  2,  gives  1.0416. 

When  well  washed  with  water,  it  is  not  acid.  It  will  be  found 
not  to  redden  the  colour  of  litmus.  This  may  be  shown  by  intro- 
ducing a  piece  paper,  tinged  with  that  substance,  into  a  jar  of  ni- 
trous gas,  standing  inverted  over  water.  To  accomplish  this,  the 
paper  should  be  fastened  to  the  end  of  a  glass  rod  or  a  piece  of 
stick.  The  colour  will  remain  unchanged. 

Action  of  Cambustihles. — It  extinguishes  a  lighted  candle,  the 
flame  of  which  is,  however,  enlarged  before  going  out.  Hombcrg's 
pyrophorus  is  instantly  inflamed  by  it;  and  charcoal,  or  phospho- 
rus, introduced  into  it  when  in  a  state  of  actual  combustion,  con- 
tinue to  burn  vehemently. 

It  is  fatal  to  animals,  even  to  the  amphibia,  and  to  insects  which 
are  capable  of  respiring  for  some  time  other  deleterious  gases. 

Mingled  with  hydrogen  gas,  it  imparts  a  green  colour  to  its 
flame;  but  it  does  not  explode  with  hydrogen  in  any  proportion, 
nor  with  any  of  the  varieties  of  carbureted  hydrogen  except  with 
olefiant  gas,  the  proportion  of  which  requires  to  be  nicely  adjusted, 
viz,  rather  more  than  seven  measures  of  nitrous  to  one  of  olefiant 
gas.  A  mixture  of  hydrogen  and  nitrous  gases  is,  however,  de- 
composed by  spongy  platinum  at  common  temperatures.  When 
mixed  with  ammonia,  an  electric  spark  produces  a  detonation,  as 
1  have  shown  in  the  Philosophical  Transactions  for  1809.  The  pro- 
portions, required  for  mutual  saturation,  are  about  150  measures 
of  pure  nitrous  gas  to  1(K)  of  ammonia,  (iay  Lussac  found  these 
gases,  also,  to  act  slowly  on  each  other  at  common  trmporatures, 
being  reduced  in  about  a  month  to  half  their  joint  volume,  and  ni- 
trogen being  librrated. 

Artioix  of  oryi^en  i^aH, — When  nitrous  gas  is  mixed  with  oxygen 
gas,  red  fumes  arise;  heat  is  evolved;  a  diminution  takes  place; 
and  if  the  two  gases  be  in  i)rop(»r  proportion,  and  perfectly  pure, 
they  disappear  entirely.  Ten  nu*asures  of  oxygcMi,  Mr.  Dalton  as- 
serts, may  Im!  made  to  condense  any  (juantity  of  niti*ous  gas,  be- 
tween 13  and  M\  measures,  accordingly  as  the  mixture  is  conduct- 
ed; and  Ciay  Lussac  linds  that  100  measures  of  oxygen  gas  con- 
dense over  water  from  134  to  M\5  of  nitrous,  but  in  a  dry  glass  ves- 
sel only  204,  which,  allowing  for  inaccuracies,  may  be  stated  at 
2(K).  (Ann.  de  Ch.  et  de  IMiys.  i.  399.)  In  the  latter  case  the  total 
300  measures  become  2(M)  of  nitrous  acid  vapour.  The  following 
table  shows  the  proportions,  in  which  nitrogen  and  oxygen  exist  in 
the  compounds,  resulting  from  \\\i\  condensation  of  1(N)  measures 
of  oxygen  by  3(i3,  *200,  and  l.")4  measures  of  nitrous  gas  respec- 
tively, reckoning  the  oxygen  in  nitrous  gas  at  one  half  of  its  volume, 
and  the  nitrogen  at  the  same. 
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Volumnof 

r  \  RimuItiniP  eompoand  containt 

NitrouB.  Oxyprt-iu  Voli.  of  Nitrugvn.  Vols,  of  Oijgcn. 

S65  -  100        -         -        100        -         -        154 

200  -  100        -         -        100        -         -        200 

134  -  100        -         -         100        .         -        250 

In  the  first  case  the  resulting  compound  contains  an  excess  of 
only  four  volumes  of  oxyjjen  above  those  assig^ned  to  hypo-nitrau* 
acid;  the  second  aj^rces  with  nitrous  acid;  and  the  third  with  ni- 
tric  acid.  Nitrous  acid  may  also  be  generated  by  passing  into  a 
tube,  from  8-lOths  of  an  inch  to  1  inch  diameter,  iirst  200  mea- 
sures of  nitrous  gas  and  then  200  oxygen.  The  absorption  amounts 
to  300  measures,  and  100  of  oxygen  remain;  the  resulting  com- 
pound therefore  is  constituted  of  100  vols,  nitrogen  and  2(X)  oxy- 
gen. If  to  100  oxygen  we  add  400  nitrous  gas,  the  absorption  is 
400,  and  100  of  nitrous  gas  remain.  But  100  oxygen  +  300  ni- 
trous gas  are  equivalent  to  250  oxygen  +  150  nitrogen,  and  to  100 
nitrogen  +  16G.66  oxygen,  proportions  which  do  not  agree  with 
those  of  any  definite  compound  of  nitrogen  and  oxygen.  The  ano- 
maly, however,  as  has  been  well  shown  by  Prof.  Dana«  (Amer. 
Journal  of  Science,  vii.  341,)  may  be  satisfactorily  explained  as 
follows : 

50  vols,  of  oxyg.  unite  with  200  nitrous  gas,  forming  hypo-nitrous 

acid. 

50  vols.  do.       -         -      100      do.  forming  nitrous  acid. 


100  MH) 

Iseof/iifroffs  iftis  }/i  (inlinimfrij, — On  mixini^  nilroiis  i<;is  with 
almosphoric  air,  tlio  diininution  is  ])roj)oriioniil  lo  llu-  <iULHi!ii\  nt* 
oxyii^cn  i^as  whii  li  the  lalUT  conUiins.  On  its  proptMly  ol'  (  u!\(lons- 
ing  oxyj^t'n,  but  no  otlur  i^as,  is  loundcd  the  a])plii  ution  of  nitrous 
gas  to  the  j)urj)osr  of  ruilinmttri/,  or  of  asriMtainin,^^  th«*  j)U!ily  uf 
air.  The  sour<('s  ol"  crroi*,  in  its  finploynicnl  in  this  nunlo,  luoe 
hitherto  \)vru  (unsidcri'il  surli,  as  to  forbid  our  rclyini^  implicitly 
on  the  results  wITk  b  it  may  ailord.  Learnini^.  howcvrr,  iVom  Mr. 
Dalton,  thi.t  be  (  unstantly  enipbAs  nilious  j;as  in  cleterminiiii:  the 
purity  of  air,  and  with  perfect  satisfaction  as  to  tlu-  accurac)  of  l\is 
results,  I  have  ol)tained  fi-oni  bim  the  follow  in|<  comniunicati<»n.  ll 
may  l)e  necessary  t<;  pimiisi",  that  for  ai)|)lyinL^  nitrous  ^-.is  to  liiib 
purj)ose,  two  liilx's  w  ill  \)v  found  con\enient,  shape<l  likr  n^c.  '24; 
eacli  fi-om  three  to  four  tmtbsof  an  inch  in  diann  irr;  »  i-^b*  i»rniin- 
inches  lon;^,  e\clusi\ f  of  tlu'  funnel-shaped  part;  and  ..cMi:.::ih 
graduatfd  into  miiiutr  ali^juot  p.-.ris.  What  ibr>»'  \)M\^  .-.m-,  i^  ..f 
no  consefju«*n(  r.  Ilunrlirdib  parts  (»f  a  (  ubi{  al  im  b  Lrivr  i  .:tlii-i  i,.i. 
large  di\  isions  (jI*  the  sc  ;.!.• ;  l>ii(  if  «•  irh  of  tlu'se  !)e  cixiilni  into 
two,  the  seair  w  ill  br  ^ujli-  ii  iill\  small.  If  the  tube  t'i.ipl"\  rd  bt  i;ul 
long  enough  to  <  <)mj)ris<-  IdO  (,f  tins,-  j)arts.  tbc  expi:  ihniit  niax 
be  in;i(le  on  jO  parts  (,nl\  of  atimr.pbrric  al  air;  and  tbe  itsuJIn, 
multiplied  by  *2,  will  |.;i\e  the  proportion  in  1(m)  j,.irts. 

**To  u.se  nilrini.s  jj^as  accurately  in  cudioiuetry,  ii  is  onU  retjui^itc 
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to  take  both  gases  in  a  dilute  state,  namely,  containing  four  or  live 
times  their  bulk  of  azotic  gas  (which  atmospheric  air  naturally 
floes),  or  of  any  other  gas  not  acted  upon  by  nitrous  or  oxygen  gases. 
In  this  case,  if  an  excess  of  one  gas  be  used,  the  other  is,  in  a  few 
minutes,  entirely  taken  up,  and  in  a  constant  proportion;  whatsoever 
may  be  the  form  of  the  vessel,  or  the  manner  of  mixing  the  gases. 
The  proportion  is  1  of  oxygen  to  1.7  of  nitrous,  so  that  10-27 ths  of 
the  diminution  over  water  are  oxygen,  and  l7-27ths  nitrous  gas. 
It  is  proper,  as  soon  as  the  greater  part  of  the  diminution  has  en- 
sued, to  transfer  the  mixture  through  water  into  a  graduated  ves- 
sel, without  using  any  agitation. 

^^  If  pure  nitrous  gas  be  admitted  to  pure  oxygen  gas  in  a  nar- 
row eudiometer  tube,  so  that  the  oxygen  gas  is  uppermost,  the  two 
unite  very  nearly  in  the  same  uniform  proportion  as  above.  If,  on 
the  other  hand,  the  nitrous  be  the  upper  gas,  a  much  less  quantity 
of  it  disappears,  viz,  1.24  nitrous  to  1  oxygen.  If  undiluted  nitrous 
gas  be  admitted  to  pure  oxygen  gas,  in  a  wide  vessel  over  water, 
the  whole  effect  takes  place  immediately;  and  one  measure  of  oxy- 
gen will  condense  3.4  nitrous  gas. 

**To  render  this  rule  more  intelligible,  an  example  may  be  neces- 
sary. Let  I0()  measures  of  common  air  be  admitted  to  100  measures 
of  a  mixture  of  nitrous  gas,  with  an  equal  volume  of  azotic  or  hy- 
drogen gas.  After  standing  a  few  minutes  in  the  eudiometer,  there 
will  be  found  144  measures.  The  loss  56  being  divided  by  the  com- 
mon divisor,  C7,  gives  21  nearly  for  the  oxygen  gas  present  in  100 
measures  of  common  air." 

To  these  directions  I  may  add,  that  when  atmospherical  air  is 
the  subject  of  experiment,  it  is  scarcely  necessary  to  dilute  the  ni- 
trous gas,  with  any  other  gas,  previously  to  its  use.  If  a  number 
of  experiments  be  mad(s  it  will  be  proper,  in  all  cases,  to  let  the 
eases  remain  together  the  same  deiinite  time  (say  10  minutes)  l>e- 
lore  noting  the  diminution ;  and  it  is  needless  to  transfer  them  into 
another  vessel.  If  the  mixed  gas,  under  examination,  contain  much 
more  oxygen  than  is  presiMit  in  atmospherical  air,  then  it  is  projier 
to  dilute  the  nitrous  gas  with  an  equal  bulk  of  nitrogen  or  hydro- 
gen gas;  and,  in  this  case,  the  narrower  the  tube  in  which  the  ex- 
periment is  made,  the  more  accurate  will  be  ttie  result 

Subsequent  experience  has  convinced  me  that  the  method,  pro- 
posed by  Mr.  Dalton,  though  suihciently  correct  when  applied  to 
a  mixture  of  the  same,  or  nearly  the  same,  standard  as  the  at- 
mosphere, cannot  be  relied  on,  when  the  ])roportion  of  oxygen  is 
either  considerably  greater  or  less.  In  the  former  case,  the  pro- 
cess gives  too  great  a  diminution,  sometimes  indeed  to  such  an  ex- 
tent as  to  indicate  more  oxygen  gas,  than  the  whole  amount  of 
what  was  submitted  to  experiment.  When  the  air,  on  which  we 
are  operating,  is  of  an  inferior  standard  to  the  atmospliere,  we  <lo 
not  learn  its  full  proportion  of  oxygen.  Notwithstanding  these  ob- 
jections, however,  the  method  has  considerable  value,  since  it  may 
be  applied  to  determine  the  proportion  of  o\ygen  in  some  mixed 
gases  to  which  other  eudi<mietrical  tests  are  not  applicable;  for  ex- 
ample, to  mixtures  of  hydro-carburet  and  oxygen  gases. 
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TIk^  application  of  nitrous  j^as  to  eiidiomctrical  purposes,  it  has 
biMtii  oljsrrM'il  1»y  (lay  Lussac ,  is  susi'.opliblc  of  perfect  accuracy, 
proviih-rl  rcrtai!!  pnrautions  Iji:  obsi'rvcd  which  ho  lias  pointed  out, 
and  whirh  v.crr  siiL^L^esud  by  his  thoorelical  views  of  the  constitu- 
tion of  these  j;ases.  A  narrow  tiil)c  he  finds  to  be  unfit  for  an  cu- 
dionieter«  his  object  brinj^  to  form  a  j»;aseous  com])ound,  which  is 
but  sKnvlv  al)sorl)ed  hv  water.  Instead  therefore  of  a  narrow  lube, 
we  must  take  a  wide  vessel,  such  as  a  small  tumbler  j^lass;  and  to 
1(H)  j)arts  of  atmospheric  air,  previously  measured,  we  must  add 
at  once  100  mea.->ures  of  nitrous  j^as.  A  red  fume  will  appear, 
which  will  soon  be  absorbed  without  at^itation,and  in  half  a  minute, 
or  a  minute  at  most,  the  absorj)tif)n  will  be  complete.  Pass  the  re- 
siduum into  a  {graduated  tulte,  and  it  will  bt*  found,  almost  invaria- 
bly, that  84  measures  have  disa|)j>eared.  Dividinj^  this  number  by 
4,  we  have  21  lor  the  (juaiilily  of  oxyj^en  condensed:  and  84  —  i2l 
=  ()>,  ^ives  the  nitious  i;as  absorlx'd.  By  an  easy  calculation  it 
ap|)rars  tliai  '\\\  the  lurw  compound  100  vols,  of  nitroc^en  mu!»t  be 
conibiued  with  h'C  oxyj^eii,  ])roportions  dUVerini^  from  those  of  all 
the  known  compounds  of  ihesr  l)ases.  In  this  casr,  also,  as  Mr- 
Dana  has  shown,  the  anomaly  disappears  when  we  find  that 

Vol.  v..  I. 

one  half  the  oxyp^en,  =  10..)  with  41  nitrous,  forms  hypo-nitric  acid. 
The  remainder,    -     =  10.;5  with  '21  nitrous,  forms  nitrous  acid. 
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some  time  to  the  atmosphere,  and  afterward  evaporating  it,  crys- 
tals of  nitrate  of  potassa  will  be  formed. 

Jinalynt. — Nitrous  gas  is  decomposed  by  a  red  heat,  and  is  re- 
solved into  nitrous  acid,  and  two-fiuhs  its  volume  of  nitrogen  gas. 
(Gay  Lussac,  Ann.  de  Ch.  et  de  Phys.  i.  398.)  It  is  decomposed, 
also,  by  almost  all  bodies  that  attract  oxygen.  Thus,  iron  filings 
become  oxidized,  and  water,  ammonia,  and  nitrous  oxide,  in  the 
proportion  of  one  volume  from  two  of  nitrous  gas,  are  generated. 
Sulphuret  of  potassium,  and  other  sulphurcts,  have  a  similar  eficct. 
Sulphuret  of  barium  gives  half  a  volume  of  nitrogen.  By  mixture 
with  sulphurous  acid,  nitrous  gas  is  decomposed,  and  this  acid  is 
changed  into  the  sulphuric,  but  not  unless  water  is  present  (Nichot 
son's  Journal,  xvii.  43.)  Nitrous  gas  does  not  compose,  with  hy- 
drogen gas,  a  mixture  that  can  be  exploded  by  the  electric  spark; 
but  with  ammoniacal  gas  it  may  be  fired  in  a  Volta's  eudiometer 
over  mercury.  The  oxygen  of  the  nitrous  gas  unites  with  the  hy- 
drogen of  the  ammonia,  and  the  nitrogen  of  both  gases  is  set  at 
liberty. 

Bodies,  that  have  a  still  more  powerful  affinity  for  oxygen,  decom- 
pose nitrous  gas  into  its  ultimate  elements.  Charcoal,  ignited  in 
100  measures,  gives  50  measures  of  nitrogen  gas,  and  50  of  car^ 
bonic  acid,  a  gas  which,  in  all  cases,  contains  an  equal  volume  of 
oxygen.  Arsenic,  zinc,  or  potassium,  when  heated  in  it,  evolve  half 
its  volume  of  nitro^^en.  (lay  Lussac  obtained  as  the  mean  of  three 
experiments,  in  which  100  volumes  of  nitrous  gas  were  decompos- 
ed, in  two  by  sulphuret  of  barium,  and  in  one  by  tin,  49.5  parts  of 
nitrogen.  Nitrous  gas  consists  then  of  1  volume  of  oxygen  +  1 
volume  of  nitrogen,  neither  of  which  elements  is  in  a  state  of  con- 
densation. We  may  therefore  consider  nitrous  gas  as  constituted  of 

Vol*.  l\y  wi'i>;ht. 

/ ^ \ 

Nitrogen     -    -    -     1     -     -     46.60    -     -  or  -    -     14  =  1  atom. 
Oxygen       -     -     -     l     -     -     53.40    -     -  or  -    -     IG  =  2  atoms. 

Resulting  vols.     -     "2,  100.       Atomic  weight  30 

No  distinct  information  is  obtained  respecting  the  constitution 
of  nitrous  gas  by  the  long  continued  action  of  electricity.  Dr. 
Priestley  (on  Air,  vol.  i.  i3d.  Ser.  p.  64.)  observed  that  it  is  rapidly 
decomposed.  One  half  the  azote,  according  to  Mr.  Dalton,  is 
liberated,  and  the  remainder  unites  with  the  evolved  oxygen  and 
composes  nitrous  acid.  (System,  p.  334.) 

miction  of  chlorine,^— Citrous  gas  and  chlorine,  when  both  per- 
fectly dry,  have  no  action  whatsoever  on  each  other;  but,  if  water 
be  present,  there  is  an  immediate  decomposition,  its  hydrogen 
combining  with  the  chlorine  to  form  muriatic  acid,  and  its  oxygen 
with  the  nitrous  gas  to  form  nitrous  acid. 

Jieiian  of  salt*  of  iron. — Nitrous  gas  is  absorbed  by  the  green 
sulphate  and  muriate  of  iron,*  which  do  not  absorb  nitrogen  ^as. 
To  ascertain,  therefore,  how  much  nitrogen  gas  a  given  quantity 

*  For  an  ai^couiit  ul'  thcM  s»lls»  scv  cliaii.  ix  sect.  16 
Vol.  I.  N  n 
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of  nilrnas  ^^s  contains,  lei  a  mtasurcd  volume  of  the  latter  he  >Ki* 
Utnl  in  ji  f;ra(Iuali.-(l  tube  witli  onr  of  thuK  lolutionn,  and  thn  tni- 
dtiuiD,  whirh  is  mtrog<.-ii,  be.  notnl.  ThU  analyiis  U  nccruur, 
previously  tu  dediicin),',  IVum  its  efiects  oti  aLmosphetic  air,  tbe 
proportion  of  oxygen  ^as;  for  wc  must  subtract  from  the  realduimi 
the  ^Mantiiy  of  niirogcn  iniroducud  by  the  nitrous  ett, 

l-'rom  the  use  which  is  occftsionally  made  in  cndimnctry  of  tbia 
■Diuiiun  of  nitrous  ^as  in  sulphate  of  iron,  it  may  be  |iru{>er  to  de- 
scribe the  mode  of  its  preparation. 

IlisRoivc  as  much  oi  the  green  sulphate  of  iron  in  water  H  the 
water  wilt  take  up,  or  tUaaolve  iron  filings  in  sulphuric  acid,  diluted 
with  five  or  six  parts  of  water,  leaving;  an  excess  of  the  iixra,  in 
order  to  ensure  the  perfect  saturulioa  of  the  acid.     Fill  a  wi<Jr-    ■ 
mouthed  bottle  with  this  solution,  invert  it  in  a  cupful  of  tbe  same, 

i  Inio  the  inverted  bottle  receive  the  nitrous  gas,  as  it  ia  ^ 


«d  by  the  proper  materials,  shaking  tbe  inverted  bottle  frcqaenlly. 
The  colour  of  ibis  solution  will  be  chan^d  to  black,  and  tl»e  pro- 
duction of  gas  and  the  agitation  are  to  be  continued,  till  the  abiorn- 
tian  can  be  carried  no  I'arlhcr.  The  impregnated  solution  should 
be  preserved  in  3  number  of  small  bottles,  not  holdini;  more  tfaan 
M  ounce  or  two  each.  The  most  commodious  method  of  applytag 
Ibissolutiooisby  meansof  Dr.  Hope's  eudiometer,  already  dcscril>- 

Of  Ihfpo-nilTou»  Jiciii. 
1.  When  400  measures  of  nitrous  ^a  and  100  measures  of  oxy- 
gen (in  which,  taken  together,  the  nitrogen  and  oxygen  are  to  each 
Other  as  100  to  150  in  volumes)  are  mixed  togiether  over  a  solution 
of  potassa  confined  by  mercury,  we  obtain  200  measures  of  a  com- 

aind,  called  by  Gay  Lussac  prr-nilroug  acid.  (Ann.  dc  Chim.  et 
s.  i.  400.)  Mr.  Dalton,  who  obtained  it  several  years  ago, 
then  considered  it  as  nitrous  acid,  proposed  to  call  it  ttifr-ns- 
MNmocM;  (Thomson's  Annals,  vol.  ix.)  but  the  name  Aww-nifroHi 
■eems  to  me  more  conformable  to  the  analogy  of  similar  acids 
&K^g  sulphur  and  phosphorus  for  their  basis.  This  new  coin- 
pOBBdia  known  to  us  only  in  combination,  or  mixed  with  various 
ntoportJons  of  other  nitrous  compounds.  It  appears,  indeed,  to 
DC  io  unstable,  that  whenever  a  stronger  acid  is  added,  to  expel  it 
ftwn  the  potassa,  the  acid  is  resolved  into  nitrous  gas  and  nitrons 
acid. 

S>  Hypo-nitrous  acid  is,  also,  frequently  generated,  as  has  al- 
nody  beeV  shown,  when  nitrous  and  oxygen  gases,  or  nitrous  gas 

Sid  common  air,  are  mingled  together  in  eudiometrical  proceascv 
t  the  same  time  nitrous  and  nitric  acids  are  produced,  in  pr»- 
portions  to  thehypo-nitrous  and  to  each  other,  which  are  modified 
ay  the  circumstances  of  the  experiment  (Dalton,  Thoasoa'a 
Aaodi,  X.  B3.) 

LaMy,  100  volumes  of  nitrous  gas,  exposed  for  three  months  to 
a  solution  of  pure  potassa  over  mercury,  were  found  by  Uay  L<i»- 
aac  to  leave  35  volumes  of  nitrous  oxide.  Now  deducting  from 
the  nitrogen  aod  oxygen,  originally  contuned  in  tbe  oitroo*  gas, 


SECT.   II.  NITROGEN.  283 

the  quantities  constituting  25  of  nitrous  oxide,  we  shall  find  that 
25  volumes  of  nitrogen  and  37.5  of  oxygen  had  disappeared,  and 
formed  a  new  compound,  which  was  absorbed  by  the  potassa. 
Thus 

100  Nitrous  gas     s  50  Nitrogen  +  50    Oxygen 
25  Nitrous  oxide  bs  25  +12.5 

25  37.5 

and  25:  37.5::  100  :  150,  proportions  in  the  new  compound  which 
exactly  agree  with  those  unsigned  by  Gay  Lussac  to  hypo-nitrous 
acid.  Trum  these  data,  if  the  condensation  of  elements  be  equal 
to  the  oxygen,  the  specific  gravity  of  hypo-nitrous  acid  gas  should 
be  2.6382,  common  air  being  unity. 

From  the  evidence  uf  these  synthetic  processes,  it  appears  to 
me  that  there  are  sufficient  grounds  for  admitting  the  existence  of 
hypo-nitrous  acid  as  a  distinct  compound,  bearing  the  same  relation 
to  nitrous  acid,  that  hypo-sulphurous  acid  has  to  sulphurous  acid. 
It  may  be  considered  as  constituted  of  1  atom  of  nitrogen  (14)  + 
3  atoms  oxygen  (24)  =  38,  or  of  1  atom  of  nitrous  gas  (30)  +  1 
atdm  oxygen  (8)  =  38. 

By  the  destructive  distillation  of  nitrate  of  lead,  and  the  conden- 
sation of  the  evolved  gas  in  a  receiver  surrounded  by  a  freezing 
mixture,  Gay  Lussac  obtained  a  liquid  consisting  principally  of 
this  acid.  It  boiled  at  79^  Fahr.  and  was  dissipated  in  very  dense 
red  fumes.  When  poured  into  water,  nitrous  gas  was  disengaged 
in  abundance,  and  the  water  was  coloured  blue,  green,  or  yellow, 
according  to  the  proportion  added.  (Ann.  de  Ch.  et  de  Phys. 
i.  -400.) 

Ilypo-nitrous  acid  unites  with  sulphuric  acid,  either  concen- 
trated or  a  little  diluted,  and  at  a  moderate  temperature.  The 
compound  forms  elongated  four-sided  prisms.  These  crystals, 
and  even  the  liquid  in  which  they  shoot,  give  nitrous  gas  when 
brought  into  contact  with  water.  A  similar  solid  is  obtained  by 
passing  nitrous  acid  vapour  into  sulphuric  acid;  and  it  appears, 
also,  to  be  identical  with  tlic  crystalline  solid  formed,  by  Clement 
and  Desormes,  by  the  mixture  of  oxygen  gas,  sulphurous  acid, 
nitrous  gas,  and  the  vapour  of  water.  The  last-mentioned  com- 
pound has  been  supposed  to  consist  of  nitrous  gas  and  sulphuric 
acid ;  but  sufTicienl  reasons  have  been  given  by  Gay  Lussac  tor  the 
new  view  of  it,  which  has  just  been  stated.  It  accords  also  with 
my  own  analysis  of  a  compound,  formed  accidentally  in  the  venti- 
lating pipe  of  an  oil  of  vitriol  chamber,  during  remarkably  cold 
weather.  This  I  found  by  a  careful  analysis,  (Ann.  of  Phil,  for 
May,  182G,)  to  consist  of 

Sulphuric  acid,  -  5  atoms  (40  x  5)  a  200 
llypo-nitrous  acid,  1  atom  -  -  -  ^  38 
Water     -     -     -     -     5  atoms    (9x5)=    45 

Atomic  weight     283 
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Xitroiis  Jlcid, 

The  proportions  of  llu'  rlcmcnts  of  this  acid  have  been  investi- 
gated by  Sir  II.  Diivy.  (I'.Unionts  of  Chemical  Philosophy.)  He 
concluded  that  '2  vohmu's  of  nitrous  j>;as  (=1  volume  of  nitroj>t»n  ■+• 
1  volume  of  oxyj^ni),  and  1  vohime  of  oxy^jen  j^as,  both  freetl  from 
inoistuns  and  mixed  toj^ether  in  a  vessel  previously  exhausted  (if 
air,  art'  condrnst'd  into  half  tlu'ir  vulume,  and  form  a  drcp  oran^r- 
coloured  elastic  llu  id,  whirh  mav  bt*  called  /tifraifs  w'ul  ixas.  Ciav 
I^ussac  ajjrees  with  Davy  as  to  the  ])roporlions,  but  states  the  con- 
densation at  two-thirds  of  thr  volume  of  the  mixture.  (Ann.  de 
Chim.  et  Phys.  i.  -l().>.)  This  is  rf>incideTil  with  the  i;eiu'ral  law  of 
contraction  of  vohimc,  according;  to  wliicli,  in  nitrous  compounds, 
the  contraction  of  vohime  is  e(|uival('nt  to  the  o\y,:^en.  Two  vo- 
lumes of  nitrous  icas  +  1  oxy^eri  (=  1  nitroi^en  -f-  '- oxyijen^,  in 
all  tliree  volumes,  should,  therefore,  constitute  I  >olume  only  of 
nitrous  acid  j;as. 

Gaseous  nitrous  acid  has  the  followini^  properties: 

A  taper  burns  in  it  with  eonsiderabhf  brilliancy.  Sulphur  wheii 
innamed  does  not  continue  to  btirn  in  it;  Init  phosphorus  burns 
vividly.  Charcoal  continues  to  bui-n  in  it  with  a  dull  red  lii^ht. 
Water  alisorbs  it,  and  ^ains  a  tint  of  j;reen.  It  reddi-ns  litmus  p«- 
per,  has  a  sour  tasti*,  a  stroni;  smell,  and  turns  animal  substance- 
vellow. 
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To  form  liquid  nitrous  acid,  nothing  more  had  been  thought  ne- 
cessary, than  to  saturate  water  with  nitrous  vapour.  The  water  be- 
comes first  green,  then  l)luc,  and  finally  an  orange  colour  more  or 
less  intense.  The  latter  may  be  brought  to  the  state  of  green  or 
blue  by  adding  more  or  less  water.  Hence  the  colour  depends  partly 
on  the  circumstance  of  density;  but  there  can  be  little  doubt  that 
it  is  materially  affected  also  by  the  proportions  of  nitric,  nitrous, 
and  hypo-nitrous  acids,  which,  according  to  Gay  Lussac,  compose 
nitrous  acid,  as  thus  procured.  Dr.  Thomson  states  that  it  may 
be  obtained  in  a  state  of  purity  by  distilling  nitrate  of  lead  (First 
Princ.  of  Chem.  i.  120),  but  according  to  Gay  Lussac,  the  result- 
ing product  is  chiefly  hypo-nitrous  acid.  (Ann.  de  Ch.  et  Ph.  i. 
406  J  Dulong  first  demonstrated  that  the  vapour  produced  by  mix- 
ing 2  vols,  of  nitrous  gas  with  1  vol.  of  oxygen,  is  reducible,  by  a 
proper  degree  of  cold,  into  a  true  liquid  nitrous  acid.  (Same  work, 
vol.  ii.) 

The  properties  of  liquid  nitrous  acid,  Berzelius  remarks,  (13 
Ann.  de  Chim.  et  de  Ph.  10,)  differ  essentially  from  those  of  nitric 
acid ;  for  while  the  latter  boils  at  236°,  nitrous  acid  of  the  same 
density  boils  at  1G0°.  The  purely  acid  part  he  infers  to  be  compos- 
ed of  36.9  nitrogen  -f-  63.1  oxygen,  but  these  are  the  proportions 
consiituUng  the  hypo-nitrous  acid  of  other  chemists.  With  bases, 
it  forms  a  class  of  salts,  which,  he  asserts,  differ  entirely  from  those 
containing  nitric  acid.  On  the  other  hand,  we  have  the  testimony 
of  (>ay  Lussac,  that  the  nitrous  acid  is  decomposed  with  so  much 
facility  by  contact  with  alkaline  solutions,  as  to  J)e  incapable  of  form- 
ing a  distinct  class  of  salts.  With  solution  of  potassa,  for  example, 
he  found  that  it  affords  hypn-nitritc  and  nitrate^  but  nothing  that  can 
properly  be  called  a  nitriU\  of  potassa.  (Ann.  de  Chim.  el  Phys.  i. 
409.)  In  this  cases  '2  atoms  of  nitrous  acid,  (=  2  atoms  of  nitrogtMi 
-|-  8  atoms  of  oxygen)  must  he  dcromposrd,  and  ihr  atoms  of  ni- 
trogen must  unito,  rcsprclivi'Iy,  with  3  atoms  of  oxyj^LMi  to  form  an 
atom  of  hypo-nitrous  acid,  and  with  5  atoms  of  oxygen  to  compose 
an  atom  of  nitric  acid. 

Ailrlc  ^QciiL 

\,  The  direct  combination  of  nitrogen  and  oxygon,  affording  a 
decisive  synthetic  proof  of  the  nature  of  this  acid,  may  l>e  efTected 
by  passing  electric  sparks  through  a  mixtui*c  of  nitrogen  and  oxy- 
gen gases.  The  experiment  is  an  extremely  laborious  one,  and  re- 
quires, for  its  performance,  a  powerful  electrical  machine;  but  those 
who  arc  disposed  to  rej)eat  it,  may  procee<l  as  follows : 

Let  the  tube,  fig.  84,  r,  be  filled  with,  and  inverted  in,  mercury. 
Pass  into  it  a  portion  of  atmospherical  air,  or  an  artificial  mixture 
of  nitrogen  and  oxygen  gases,  in  the  proportion  of  one  of  the  for- 
mer to  two  of  the  latter. — Let  an  iron  wire,  lengthened  out  with 
one  of  platinum,  be  intnnluced  within  the  tube,  so  that  the  latter 
metal  only  may  be  in  contact  with  the  mixed  gases;  and  let  the  end 
of  this  wire  be  distant  about  one-fourth  of  an  inch  from  the  ex- 
tremity of  the  upper  conducting  one.  When  the  apparatus  is  thus 
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disposed,  pass  a  series  of  electric  sparks  or  shocks  through  the 
gases  for  several  hours.  The  mixture  will  Ix:  diminished  in  bulk; 
>vill  reddni  litmus  paper  when  enclosed  in  it;  and  will  exhibit  dis- 
tinctly the  smell  of  nitrous  acid.  If  the  experiment  be  repeated, 
with  the  addition  of  a  few  drops  of  solution  of  potassa,  in  contact 
with  the  gases,  we  shall  ol)tain  a  combination  of  nitric  (and  per- 
haps hypo-nitrous)  acid  with  that  alkali. 

This  interesting  experiment  on  the  generation  of  an  acid,  by  the 
direct  combination  of  the  elements  of  the  atmosphere,  we  owe  to 
Mr.  Cavendish,  who  discovered  the  fart  in  the  year  1785.  (PhiL 
Trans.  Ixxv.)  The  proportions,  which  he  found  to  be  necessary 
for  mutual  saturation,  were  five  parts  of  oxygen  gas  and  three  of 
common  air,  or  seven  parts  of  oxygen  gas  to  three  of  nitrogen  gas. 
The  acid,  thus  obtained,  being  constituted  of  I(K)  measures  of  ni- 
trogen +  ^2Cy3  oxygen,  appears  therefore  to  have  been  intermediate 
between  nitrous  and  nitric  acid,  or  rather  to  have  consisted  of  both 
those  acids  in  a  state  of  mixture.  No  evolution  cither  of  light  or 
heat  attends  this  combination,  which  is  very  slowly  and  gradually 
effected. 

Nitric  acid,  then,  is  to  be  considered  as  a  gaseous  body,  capable 
of  existing  in  a  liquid  form,  but  only  when  it  is  combined  with  wa- 
ter. According  to  the  experiments  of  Sir  li.  Davy,  published  in 
18fK),  it  is  composed,  in  KM)  grains,  of  291  azote,  and  70 j  oxygen. 
This  approximation  diflers  but  little  from  the  proportions  deduci- 
l)le  from  the  synthetic  experiments  of  Cavendish,  Hz,  ^27. S  nitro- 
gen to  r-2. 0  ()\)^i'n.  .The  sul)se(HU'ni  irsulisof  Duvy  let!  hiin,  huu- 
evrr,  to  belirxc,  tliul  4  in  Aoluine  of  nitrous  i^as  and  *2  of  o\yj;i'ii 
gus,  wln-n  ( i;n(lens(r(l  in  waU-r,  al)s<Ml)  1  additional  xolimie  of  u\y- 
i^fii  to  bi'conie  nitric  acid.  Wt-  have  then  O  volumes  (^f  ox\  ^oi» 
(eoMlairu'd  in  4  of  nitriMis  i;"is  .  -f  -  +  1  =  »^  volumes  of  o\\i:».n, 
to  'I  of  nitro:.;«'n,  c)r  'l\  v(jhmn's  ot'  o\\!;«'n  to  1  ot' nilroic^ii.  fur  i"!\r 
•  •oiistitumts  ol"  nitiic  aiid  in  a  i;asious  stale.  Kstinialiti};  the  n\\- 
:;fn  i^as,  fxisiirn;  in  nitrous  i;a^,  at  (jiie-half  its  vohinir,  :jid  lukii-.; 
tlie  s|)t(itli;  i;ra\iiies  of  oxygen  ami  niiio^-cn  i^asi-s  at  tin*  nuin')ir^ 
alieadv  ''ivcn,  100  parts  1)V  \V(:i'»hl  of  niirie  ai  id  must  consist  ni' 

()\y;j^(ii        -     -      rJ.l.> 40  =  .1  a'.oni.s. 

Niiro'^cn    -     -     :l.'\b7 11  =  1  atom. 


ion.  Atomic  wi-ii;ht  o  \ 

In  in\estiL;atini;  V.  ha!  iHMnljrr  shouKl  !)e  umm!  as  the  r'jui\al''i* 
of  nitric  .icitl.  Dr.  Woll.ision  was  led  io  in<|iiire  inU)  the  c<'iii;n'>i- 
tion  <»r  That  acid;  an«h  iVoiii  his  own  expii  iip.enls.  a!id  iIi^'m'  *■: 
Uiclilt  r  and  rhillii)*,,  ]\v  (hduieil  the  oxyi^-rn,  whicli  ni-iic  acii. 
ec»ntains,  to  he  hy  m  i-^ht  lo  ilic  nitroi;en  as  r>0  lo  17. .'4;  a  propor- 
tion so  nearly  a'<!'t  «:''i^  with  that  tti'  -10  to  14,  that  we  may  nou  eon- 
sithr  thf  aioTiiic  constiiution  of  niiric  acid  as  truly  reprcsri.ictl  !j\ 
those  nund)ers,  adch'd  toi^c'.luT;  ;.nd,  in  volumes,  by  I  vol.  i*f  nitru- 
gen,  and  -I  \ols.  of  cixy^cn,  occupyini;  the  space  of  1  vol.  Hy  iht 
careful  derom posit i<in  of  nitrate  of  barvia  l)v  charcoal  at  a  red  heat, 
I  ini\e  actually  olitained  gases,  fully  estal)Iishing  those  proportional 
volumes  for  tltc  clcmcut:^  of  nitric  acid.  (Ann.  of  Phil.  N.  S.  viii. 
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299.)    The  specific  gravity  of  nitric  acid  gas,  which  can  only  be 

got  by  calculation,  will  be, 

9i  volumes  of  oxygen  ail.lllx2.5ai  2.7775 
1  Tolume  of  nitrogen .9722 

3.7497 

The  formation  of  liquid  nitric  acid,  by  the  direct  union  of  oxygen 
and  nitrogen  gases,  or  even  by  condensing  oxygen  and  nitrous  gases 
into  water,  is  a  process  too  tedious  to  be  practicable  on  the  large 
scale.  The  following  is  the  method  commonly  employed  for  ob- 
taining liquid  nitric  acid  for  use. 

Process  for  preparing  Liquid  Nitric  ^cid» 

The  apparatus  best  adapted  for  preparing  nitric  acid  is  a  glass 
retort,  which  may  be  cither  tubulated  or  not ;  but  in  the  latter  case 
the  sulphuric  acid  must  be  poured  upon  the  nitre,  coarsely  powder- 
ed, through  a  retort  funnel,  (plate  i.  fig.  IQ,)  with  care,  to  prevent 
any  of  it  from  adhering  to  the  inner  surface  of  the  neck.  A  tubu- 
lated receiver,  of  large  capacity,  is  to  be  applied,  between  which 
and  the  retort  an  adopter  may  be  interposed  ;  these  junctures  being 
luted  with  a  mixture  of  pipe-clay,  sifted  sand,  and  cut  tow  or  flax. 
To  the  tubulure  of  the  receiver,  a  glass  tube  may  l>e  fixed  by  means 
of  the  fat  lute,  and  may  terminate  in  another  large  receiver,  con- 
taining a  small  quantity  of  water. 

If  the  operator  wishes  to  collect  the  gaseous  products,  also,  this 
second  receiver  should  be  provided  with  a  tubulure,  to  which  a  bent 
pipe  may  be  luted,  terminating  under  one  of  the  inverted  funnels 
in  the  shelf  of  the  pneumatic  trough.  When  heat  is  applied  to  the 
retort,  through  the  intervention  of  a  sand-bath,  the  first  product, 
that  passes  into  the  receiver,  is  generally  of  a  red  colour,  and  of  a 
smoking  quality.  These  appearances  gradually  diminish ;  and,  if 
the  materials  used  were  clean,  the  acid  will  come  over  pale,  and  al- 
most colourless.  Afterwards  it  gradually  re-assumes  a  red  colour, 
and  smoking  property.  These  appearances  go  on  increasing  till 
the  end  of  the  operation;  and  the  wliole  product,  mingled  together, 
has  either  a  yellow  or  an  orange  colour,  according  to  the  temperature 
employed. 

The  proportions,  recommended  in  the  London  Pharmacoprcia 
for  the  preparation  of  nitric  acid,  are  two  pounds  of  nitrate  of  po- 
tassa,  deprived  by  heat  of  its  water  of  crystallization,  and  two 
pounds  of  sulphuric  acid.  These  arc  directed  to  be  mixed  in  a 
glass  retort,  and  distilled  in  a  sand-bath,  until  a  red  vapour  arises. 
The  acid  in  the  receiver  is  to  l>c  mixed  with  an  ounce  of  niti*e,  and 
again  distilled  in  a  similar  manner.  After  the  second  distillation, 
its  specific  gravity  is  1.5(N);  and  KK)  grains  are  saturated  by  91 2  of 
crystallized  subcarbonate  of  soda.  The  rectification  Mr.  Phillips 
considers  as  unnecessary.  The  expediency  of  using  twice  the 
quintity  of  acid  re(]uired  to  neutralize  the  alkali  of  the  nitre,  he 
explains  by  the  fact  that  the  nitric  acid  yielded  by  an  atom  of  nitre 
requires,  for  its  perfect  condensation  into  a  lic|uid,  two  atoms  of 
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water,  which  cannot  be  furnished  by  less  than  two  atoms  of  sul- 
phuric acid.  The  quantity  of  the  latter  acid  may  be  reduced,  and 
the  same  effect  obtained,  if  water  be  put  into  the  receiver;  as  is 
done  by  those  who  prepare  the  nitric  acid  for  manufacturing  pur- 
|K)ses.  With  whatever  care  the  process  is  conducted,  there  is  still 
some  loss,  and  Mr^  Phillips  has  never  been  able,  from  94  ounces 
of  nitre,  which  ought  to  give  16  oz.  1  dr.  2  sc.  of  liquid  acid  of 
sp.  gr.  1.5,  to  obtain  more  than  15  oz.  6  dr.  The  deficiency,  amount- 
ing to  3  dr.  2  sc. ,  must  be  ascribed  to  the  decomposition  of  the 
acid  into  its  elements  during  distillation.  (Transl.  of  the  London 
Pharm.  p.  28.) 

The  nitric  acid  which  first  passes  over  has  the  greatest  specific 
gravity.  In  an  experiment  of  Dr.  Perceval  of  Dublin,  the  product 
was  taken  in  three  portions ;  the  first  of  which  had  the  specific 
gravity  of  1.494,  the  second  of  1.485,  and  the  third  of  1.442. 
(Trans,  of  the  Irish  Academy,  iv.  37.)  Gay  Lussac,  by  two  suc- 
cessive distillations  of  nitric  acid  of  sp.  gr.  1.3  from  four  times  its 
weight  of  sulphuric  acid,  brought  it  to  the  density  of  l.olO.  In 
this  state  he  found  it  to  be  decom])osed  by  heat  or  light  with  ex- 
traordinary facility.  (Ann.  de  Chim.  et  de  Phys.  vol.  i.)  According 
to  Dr.  Thomson,  by  using  only  GJ  parts  of  concentrated  sulphuric 
acid  to  124  parts  of  pure  anhydrous  nitre,  the  acid  which  comes 
over  is  the  strongest  that  can  be  procured,  and  has  the  specific 
gravity  of  about  1.554. 

In  the  lar^c  way,  and  for  purposes  of  the  arts,  it  is  usual  to  sub- 
stitulc  curlhcn  or  rast-iroii  ictorls,  iiiudi'  i-xnrnielv  thick,  for  tliosr 
of  j^lass.  An  i-arUu-n  head  is  adaj)U"il,  uiid  this  is  ( uiincTtfd  \\i!h 
a  rans^c  of  proprr  condensers.  The  strcn^^lh  of  tlic  j)r<»i!uci  is  \;i- 
rird  also  by  puuirn^^  more  or  less  water  into  ihc  rrcci\rr.  Wliat 
is  called  clt)t(hir  wju(r  Jorfis  varies  in  ils  sj)ecitic  graNilN  Ironi  l..>  l«i 
1.4. 

Nitric  acid,  oi)taine(l   by  tliis  process,  is  seldnm  perfei  Uy  p\iri'. 
It  may  contain  l)olh  sulphuric  and  muriaiic  acids;  ihe  former  iit' 
which  is  indicLitcvl   hv  .1  wliiie  j)iecipiiale,  on   achlini;  a  sohiiim  ff 
niti-ate  ol'  l);irfi;i  lo  a  little  of  the  a<  id  ililuted   v.  iih  eivrht   ut  irji 
parts  of  walei-;  and  the  latter  l)y  :i  milkiiiess  produced  liy  nit!\.ie 
or  sulphal*"  of  silxer.    The  sulj)liuric   ai  id,  if  prest-nt,  iii..y  l)c  sr- 
paraled,  ei?luT  hy  ii  s(( ond  disiillaii-in  frnni  a  ])')i!i«.ii  of  vi-ry  p:iir 
niiri,  e(|ual  in  \vii;.'J>l  to  oiif-cii;hlli  cf  that  011  finally  employe.!,'  r 
l)\  iiddini;  solution  of  uitiuie  <d'l)ar\ta;  allow  in-.;  the  jnecipiiaii    I'l 
sellle;  det  autini;  the  elr-r  li.p.id,  and  distillin-.c  it.      Sluriatii    aci.l 
is  separated    l)y  the   addiii  ju  of  uiirale  of  siUer.       \n    inuiiedjait 
luilkiness  t  nsu«'s,  and   f.'c.s".i   additions  tuust  \n-  made  of  ni'.r.i'.e  of 
siher,  as  loir;  as   ii  occasi(ins  this  apj)eai-auce.     'riuji    alh-w    ihc 
piiiipitate   to  su!)^i^Ie:  decani  ilu-   clear  rnpiid.   and    ie-dis[il    i:; 
ieavint;  one-eij^iiih  or  oTU'-tenth  in  the  i-etort.     The  j)r(nlin  :  will  i-e 
pure  nitiic  a'  id.      Nitrate  of  lead  ma\  he  siii)stiiuie<l  \ni-  nit:..rt   of 
silver.    Tlie  niiric   at  id  mav  he  o!);ainitl  at  tiisl  free  from  muiiali' 
a<  ill,  if  perh  I  tly  puie  nitre  ht-  emphivid  lor  distillation.      1  hi^  [iii- 
rifnatioii  is  <  lleeted   hvnpealt.il   solutions  of  the  min  m   Iroiliii.-. 
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distilled  water,  and  rc-crystallizations,  iLll  the  crystals,  dissolved 
in  water,  no  longer  precipitate  nitrate  of  silver. 

Nitric  acid,  obtained  in  this  manner,  generally  holds  in  solution 
a  considerable  quantity  of  nitrous  gas  or  nitrous  acid.  An  excel- 
lent test  of  the  presence  of  even  very  small  proportions  of  nitrous 
acid  has  been  discovered  by  Gay  Lussac  in  the  solution  of  red  sul- 
phate of  manganese,  which  is  instantly  deprived  of  colour  by  that 
acid,  but  not  by  perfect  nitric  acid.  To  expel  the  former,  put  the 
acid  into  a  retort,  to  which  a  receiver  is  applied,  the-  two  vessels 
not  being  luted,  but  joined  merely  by  paper.  Apply  a  very  gentle 
heat  for  several  hours  to  the  retort,  changing  the  receiver  as  soon 
as  it  becomes  filled  with  red  vapours.  The  nitrous  acid  will  thus 
be  expelled,  and  the  nitric  will  remain  in  the  retort  in  a  state  of 
purity,  and  as  limpid  and  colourless  as  water.  It  must  be  kept  in 
a  bottle  carefully  secluded  from  the  light. 

Properties  of  Liquid  Nitric  Add. 

The  liquid  nitric  acid  has  the  following  properties : 
Hydro-nitric  acid  is  perfectly  limpid  and  colourless,  and  emits 
white  fumes  when  exposed  to  the  air.  It  gives  a  yellow  stain  to  the 
skin,  and  acts  powerfully  on  animal  substances. 

Specific  gravity, — It  is  heavier  than  water,  and  its  specific  gravi- 
ty varies  with  the  process  employed  in  preparing  it.  Proust  ob- 
tained it  as  high  as  1.G2;  and  the  specific  gravity  of  real  nitric 
acid,  which  cannot,  however,  be  obtained  separately,  has  been  cal- 
culated at  1.75,  (Dalton,  p.  355.)  In  its  strongest  form,  each  atom 
is  united  with  an  atom  of  water,  which  is  essential  to  its  existence 
in  a  liquid  state,  and  without  which  its  elements  would  separate 
from  each  other.  In  acid  of  the  sp.  gr.  1.50,  the  water  amounts, 
calculating  from  the  data  furnished  by  Dr.  Wollaston,  to  25.11 
grains  in  100  grains  of  acid;  or,  according  to  Mr.  Phillips,  to '25.09, 
equivalent  to  1  atom  acid  +  2  atoms  of  water.  According  to  Sir 
H.  Davy,  the  strongest  acid  (sp.  gr.  1.55)  contains  14.4  parts  of 
water  in  100;  and  acid  of  sp.  gr.  1.42  contains  25.2  of  water  in 
100.  (Elem.  p.  365.)  Dr.  Thomson  (First  Princ.  of  Chem.  L  113,) 
by  usmg,  in  the  decomposition  of  anhydrous  nitric,  only  half  its 
weight  of  concentrated  sulphuric  acid,  obtained  nitre  acid  of  sp. 
gr.  1.534.  Fi*om  an  analysis  of  this,  he  infers  that  acid  of  sp.  gr. 
1.55  is  a  compound  of  1  atom  of  acid  and  1  atom  of  water,  or  it 
contains 

Real  acid         -         -         85.714  parts         -         -         54 
Water  -         -         14.286  -         -  9 


100.  63 

When  the  full  quantity  of  sulphuric  arid  was  used,  vtz.  12i  parts 
to  124  anhydrous  nitre,  \\v,  found  the  sp.  gr.  of  the  product  only 
1.4855,  and  that  it  is  a  compound  of  1  atom  real  acid  and  2  atoms 
of  water.  The  following  Tal)lc  \\v  derived  from  experiments,  made 
by  adding  given  <iuaniitiet>  of  water  to  acid  of  sp.  gr.  1.4855,  and 
taking  the  specific  gravity  of  the  mixtures. 
Vol    T.  O  o 
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Taliie  nflhc  Cmiipo»ilimi  of  A'i(rif  ^citl  of  Different  limsiHn. 


Alo-lu  uf 

M.m*  «f 

Acid  in 

Specific 

Aci>L 

Water. 

100. 

Gisvity. 

I 

85.714 

1.53 

a 

75.  (HM 

1.4855 

3 

66.668 

1.4546 

4 

60.000 

1.4237 

5 

54.545 

1.S928 

6 

saooo 

1.3693 

7 

46.260 

1.3456 

8 

4e.B57 

1.3220 

9 

40.000 

1.3032 

10 

37.5(K) 

1.SB44 

11 

35.394 

1.3656 

12 

•Si  574 

1.2495 

13 

3i..sr9 

l.iiSM 

14 

saooo 

1.8173 

15 

28.571 

1.30IS 

Mr.  PhiUipa,  in  one  instance^  oblainetli  from  equal  weight!  of 
nitre  and  sulphuric  acid,  sp.  gr.  1.844'2,  nitric  acid  of  ft  yellow  c«^ 
lour,  with  a  tint  of  red,  which  from  the  quantity  of  cvrhonBtesf 
lime  dissolved  by  it,  appeared  to  consist  of  80  real  acid  and  SO  w»- 
tcr  in  1(H),  or  of  -Z  aloms  of  acid  united  with  3  atoms  of  walcr. 
(Ann.  of  Phil.  Dec.  1827.) 

As  a  practical  rule  for  determining  the  quantity  of  real  ntlric 
acid  by  the  marble  dissolved,  Mr.  Faraday  multiplies  by  1.08  the 
number  of  grains  of  marble  dissolved  by  a  given  weight  of  acid  of 
any  density.  The  product  shows  the  weij^ht  of  real  acid.  Care 
must,  (jf  course,  lie  taken  thai  the  fitll  action  of  the  acid  has  been 
cxcrtttl  on  the  marWe  before  ntjtiiig  its  loss  uf  weight. 

Effket  of  IniipaaltiTe, — Nitric  acid  boils  at  248°  Fahr.,  and  may 
lie  JiBtUlcd  over,  without  any  essential  change.  This,  however,  is 
true  only  of  acid  of  the  specific  gravity  \.'i'-Z'i7i  for  an  acid,  weaker 
than  this,  U  strengthenea  by  being  boiled;  while  an  acid,  stronger 
than  1.4^7,  becomes  weaker  by  boiling.  All  the  varieties  of  ni- 
tric acid,  therefore,  arc  brought,  by  sufficient  boiling,  to  the  speci- 
fic gravity  1,4237.  which  appears  to  !>c  the  most  energetic  combi- 
nation  of  acid  and  water.  I'rom  the  foregoing  Table,  it  will  be  seen 
that  it  is  then  constituted  of  1  atom  real  acid,  and  4  atoms  of  wa- 
ter. 

Hydro-nitric  acid  may  be  frozen  by  a  sufficiently  low  tempera- 
ture. Like  sulphuric  acid,  it  has  a  certain  point  of  density  at  which 
it  most  readily  congeals.  Mr.  Cavendish  has  described  this,  not 
by  its  specific  gravity,  but  by  the  quantity  of  marble  which  it  is 
cai>able  of  dissolving.  When  it  takes  up  -^'gV''>*  *'  ■''  weight,  in 
which  case  its  specific  gravity  is  1.3,  the  acid  freezes  at  9°  below  0 
Fahrenheit,  when  considerably  stronger  and  capable  of  dissolve 
iiUK]^^ths,  it  required  cooling  to  —  41.6,  and  when  so  much  di- 
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luted  as  to  take  up  only  fV^fi^ths,  it  did  not  congeal  till  cooled  to 
—  40.3.    (Phil.  Trans.  1788.) 

Tut  of  the  presence  of  nitric  acid. — Ldebig,  finding  the  known  tests 
of  nitric  acid  not  satisfactory  in  all  cases,  has  proposed  the  follow- 
ing: Mix  the  liquid  under  examination  with  just  as  much  solution 
of  indigo  in  sulphuric  acid  as  will  impart  a  distinct  blue  colour, 
then  add  a  few  drops  of  sulphuric  acid,  and  boil  the  mixture.  If 
any  nitrate  be  present,  the  liquid  will  be  bleached,  or,  if  the  quan- 
tity of  nitrate  be  very  small,  will  be  turned  yellow.  In  this  way, 
also,  nitric  acid  may  be  detected,  though  diluted  with  400  times  its 
weight  of  water.  Or,  by  adding  a  little  chloride  of  sodium  to  the 
liquid  before  applying  heat,  ^^th  part  of  nitric  acid  may  be  disco- 
vered.   (Quart.  Jouni.  July  1827,  p.  204.) 

Relation  to  tmi^er.— Strong  hydro- nitric  acid  absorbs  moisture 
from  the  atmosphere;  in  consequence  of  which  it  increases  in 
weight,  and  diminishes  in  specific  gravity. 

When  two  parts  of  the  acid  are  suddenly  diluted  with  one  of 
water,  each  at  58^,  an  elevation  of  temperature  is  produced  to  about 
120°  Fahrenheit;  and  the  admixture  of  58  parts  by  weight  of  acid 
of  specific  gravity  1.50  with  42  parts  of  water,  both  at  60°  Fahren- 
heit, gives  a  temperature  of  140°.  (Ure,  Quart.  Journ.  iv.  208.) 
When  more  water  is  added  to  this  diluted  acid,  its  temperature  is 
reduced.  Snow  or  ice,  added  to  the  cold  diluted  acid,  is  instantly 
liquefied,  and  an  intense  degree  of  cold  is  produced. 

Jiction  of  light, — When  very  concentrated,  liquid  nitric  acid  be- 
comes coloured  by  exposure  to  the  sun's  light,  passing  first  to  a 
straw  colour,  and  then  to  a  deep  orange.  This  effect  is  produced 
by  the  union  of  the  light  of  the  sun  with  oxygen,  in  consequence 
of  which  tlie  proportion  of  that  principle  to  the  nitrogen  is  dimi- 
nished. 

By  exposing  it  to  the  sun's  rays  in  a  gas  bottle,  the  l>ent  tube 
of  which  terminates  under  water,  oxygen  gas  may  be  procured. 

•Action  of  coTiibustibles, — This  acid  retains  its  oxygen  with  but 
little  force. — Hence  it  is  decomposed  by  all  combustible  bodies, 
which  are  oxygenized  by  it  with  more  or  less  rapidity  in  propor- 
tion to  their  affinity  for  oxygen. 

1.  When  brought  into  contact  with  hydrogen  gas  at  a  high  tem- 
perature, by  transmitting  them  together  through  an  ignited  porce- 
lain tube,  a  violent  detonation  ensues.  This  experiment,  therefore, 
requires  great  caution.  Dr.  Priestley  found  also  that  hydrogen  gas, 
after  being  used  to  displace  nitric  acid  from  a  bottle  inverted  in 
that  liquid,  had  become  explosive.  2.  Poured  on  perfectly  dry  and 
powdered  charcoal,  it  excites  the  combustion  of  the  charcoal,  which 
becomes  red-hot,  and  emits  an  immense  quantity  of  fumes.  3.  It 
also  inflames  essential  oils  (as  those  of  turpentine  and  cloves),  when 
suddenly  poured  on  them.  In  these  experiments,  the  acid  should 
be  poured  out  of  a  bottle,  lied  to  the  end  of  a  long  stick;  otherwise 
the  operator's  face  and  eyes  may  be  severely  injured.  4.  Nitric  acid 
is  decomposed  by  boiling  it  in  contact  with  sulphur,  which  attracts 
the  oxygen,  and  forms  sulphuric  acid. 

The  hydro-nitric  acid  is  also  decomposed  by  metals ;  as  iron,  tiiii 


^i  or  nMn.y-  Acimruni.K  noDtn.  oiiAf.  ni' 

»i«c,  coj>|}cr,  Stc.  with  rtin<?r*nt  ph<-nomc7iH,  accardlng  to  the  tit- 
nity  of  each  metal  for  oxyijen.  '1  his  mity  be  seen  by  pouriiig  «oinc 
strong  nitric  acid  on  Iron  hUiig»,  or  powdered  tin.  1  hr  acid  inu«t 
be  or  ijieaur  density  than  I.-18.  oihcrwine  U  wilt  noi  prnduri?  Ihti ' 
effect.  Violcot  Ural,  altendcd  with  i\<\  ramcx,  t*iil  l>t  ]>rDdwccd, 
and  the  mi-l.ils  will  be  oxidized. 

MtonitioHo/introm  ^n*.— l-iquid  nitric  acid  absoi-bs  tiitroM  em, 
and  luutergocs  a  considerable  change  of  colour  and  propcrtic*.  The       5 
gas  may  be  transmitted,  as  it  issues  from  the  mntrriali  th]ib.giriird         . 
it,  through  a  quantity  of  colourless  nitric  acid,  which  fint  JHUsrs        ' 
to  straw  yellow,  and  becomes  gradually  deeper  in  Its  c^ur,  till  at 
length  it  assumes  a  deep  orange,  and  emits  rvd-coldmH  fume*. 
According  lo  Dr.  Priestley  (on  Air,  2d  edit.  i.  383),  100  part*  of        ' 
nitric  acid  of  specific  gravity  1.4  absorb  in  two  days  90  jiarii  by         , 
weight  of  nitrous  gas.'  Seven  ports  of  gas,  he  statca,  are  niflkient 
to  give  the  acid  an  orangr  hue ;  when  18  have  been  ahsotbed,  it 
becomes  green ;  and,  when  ii  has  taken  up  all  thu  it  i»  capable  of 
condemning,  it  emits  an  immcnsi'  quantity  of  red  (hniea.    The  n*        < 
thus  absorbed  may  he  expelled  again  by  a  gentle  heat,  or  by  dlHt-         | 
ing  the  acid  with  water.  - 

Sir  H.  Davy,  in  the  year  1800,  gave  the  following  (able,  showing      ^ 
the  proportion  of  nitrous  gas  in  nitrous  acid  of  different  colour*. 


Pale  yellow    - 

Bright  diUo    ■ 

Dark  orange  - 

I^ight  olive     - 

Dark  olive      - 

Bright  green  - 

Blue  green 

Mere  dilution  with  water  is  sufficient  to  vary  these  colours.  Thus 
the  darli  orange-o loured  acid,  by  dilution,  passes  through  the 
shades  of  blue,  olive,  and  bright  green.  Nitric  acid,  also,  by  ab- 
sM^ing  nitrous  gas,  has  its  specific  gravity  dimininished. 

yUro-Mttnalic  .icid,  or  Jlqua  Regia. 

This  acid  may  be  formed  by  mixing  two  parts  by  weight  of  nearly 
colourless  nitric  acid  with  one  of  Hcjuid  muriatic  acid.  Proust  em- 
ploys only  one  of  nitric  to  four  of  muriatic  acid.  Though  the  acids 
are  both  perfectly  pale,  yei  the  mixture  becomes  of  a  deep  red 
colour,  a  brisk  effervescence  takes  place,  and  pungent  vapours  of 
chlorine  are  evolved.  Dr.  Priestley  found  that  the  most  powerful 
aqua  regia  is  produced  by  impregnatin  '     '  " 


,p_f„. 

tfal  A<^M. 

mdW 

WM«.' 

l.soi 

.     90.5 

-     1.2 

.     8.3 

1.50 

■     88.94 

-     2.96 

-     8.1 

1.480 

-     86.84 

-     5.56    ■ 

■     7.0 

1.479 

-     86. 

-     &43    ■ 

.     7.53 

i.4r8 

-     85.4 

-7.1      - 

7.50 

1.476 

-     84.8 

-     7.76 

-    7.44 

1.475 

-     84.6 

-     8. 

-     7.40 

*  There  •ppcRra  to  be  some  error  In  tliis  tlattment,  for,  sccunling  to  Sir  It. 
Xivrj,  100  puts  of  nitric  acid,  when  niunictl  uith  nitrous  ^f,  liolJ  only  9  or 
10  of  the  Utter  -,  mil,  into  acid  of  ap.  gr.  1 ,3,  Hr.  Dahon  could  itot  cmtdense 
ihoTc  20  times  its  bulk,  or  ■  little  mot«  than  3  per  cent  by  weiKhi> 
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acid  vapour;  but  he  did  not  succeed  in  his  attempt  to  reverse  the 
process  by  impregnating  nitrous  acid  with  muriatic  acid  gas. 

Considerable  light  has  been  thrown  on  the  nature  of  this  acid  by 
the  experiments  of  Sir  H.  Davy,  (Quart.  Joum.  i.  67^)  who  has 
i*endered  it  probable  that  its  peculiar  properties  are  owing  to  a 
mutual  decomposition  of  the  nitric  and  muriatic  acids,  the  oxygen 
of  the  former  uniting  with  the  hydrogen  of  the  latter,  in  conse- 
quence of  which  water,  chlorine,  and  nitrous  acid  are  the  results. 
For  every  101  parts  in  weight  of  real  nitric  acid  (equivalent  to 
118  of  hydro-nitric  acid)  which  are  decomposed,  67  parts  of  chlo- 
rine, he  calculates,  arc  produced.  According  to  this  view,  it  is^ot 
correct  to  lay  that  aqua  regia  oxidates  gold  or  platinum,  since  it 
merely  causes  their  combination  with  chlorine.  By  long  continued 
and  gentle  heat,  nitro-muriatic  acid  may  be  entirely  deprived  of 
chlorine,  and  it  then  loses  its  power  of  acting  on  gold  and  plati- 
num. 

The  nitro-muriatic  acid  does  not  form,  with  alkaline  or  other 
bases,  a  distinct  g^nus  of  salts,  entitled  to  the  name  of  nitro-mu- 
riates;  for,  when  combined  with  an  alkali,  or  an  earth,  the  solution 
yields,  on  evaporation,  a  mixture  of  a  muriate  and  a  nitrate;  and 
metallic  bodies  dissolved  in  it  yield  muriates  only.  The  most  re- 
markable property  of  nitro-muriatic  acid  (that  of  dissolving  gold, 
from  whence  it  has  been  called  aqua  regia)  will  be  described  in  the 
chapter  on  that  metal. 

Combination  of  Nitrogen  with  Chlorine, 

• 

Chlorine  has  no  action  whatsoever  on  nitrogen  gas,  nor  on  nitrous 
gas  or  nitrous  oxide,  wlien  both  gases  are  perfrctly  dry;  but  a  com- 
pound of  chlorine  and  nitroj^eii  may  be  formed,  by  passing  chlorine 
gas  through  a  solution  of  nitrate  of  anmionia,  or  of  almost  any 
anmiuniac  al  salt,  of  tlic  tcniperaturo  of  81^  to  *)()"  I'ahrenheit.  The 
(Jilorinc  jL^as  is  rapidly  absoibed,  and  a  iilni  appears  on  the  surface, 
whi(  h  soon  collects  into  yellowish  drops,  that  sink  to  the  bottom  of 
tlir  liquor. 

Mr.  Hrande  recommends,  as  the  simplest  metllid  of  forming  it, 
to  fill  a  perfectly  clean  |:^lass  basin  with  a  sol ut^n  of  about  one  part 
of  sal  ammoniac  in  twi'I\e  of  water,  and  to  invert  into  it  a  tall  jar 
of  chlorine  gas.  The  saline  solution  gradually  rises  into  the  glass, 
a  film  forms  upon  its  surface,  and  it  acquires  a  deep  yellow  colour. 
At  length  small  globules,  resembling  yellow  oil,  collect  upon  its 
surface,  and  successively  fall  into  the  basin  beneath,  from  whence 
tliry  are  most  conveniently  removed  !)y  drawing  them  into  a  small 
and  perfectly  clean  glass  syringe,  made  of  a  glass  tube  drawn  to  a 
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pointc<l  orifice,  and  having  a  copper  wire,  villi  n  little  low  wrap* 
pcd  round  it  for  a  piston.  In  this  wajr  a  globule  may  be  dntrn  imto 
(be  tube,  and  iranslen-rd  to  any  ulher  vcmcI. 

Tlii-i  yellowisli  and  oily  fluid  is  ilic  tno«t  powvrrully  deloar'linp 
coin|}ouni]  wiili  which  wc  arc  acqunintcd.  When  u-^tiily  warmed, 
it  explodes  with  so  much  viulcnci^,  that  it  U  not  suit-  to  employ  a 
(piantiiy  larger  thau  a  gruin  of  innstard  WKd.  U%  discorcrcr,  M- 
Dutonfft  waa  severely  wounded  In  hia  Bniwxperiini-nta  on  (bU  mb- 
Mancc,  (Ann.de  Chiin.  vol.  85,)  and  Sir  H.  Davy  hu4  a  ttriuu*  in- 
jury done  to  his  eyes  in  rcpcntin)f  them.  It  is  expcdieutt  Uerefore, 
lo  proceed  wiih  great  caution.  , 

When  a  glnbuli:  of  this  fluid  is  thrown  inio  olivu  c4BturpeBliiM, 
or  naphlha,  it  eiLplodei*  even  without  heat,  and  »o  tioTcntlj,  a*  to 
shatter  any  ^laaa  vessel.  The  same  cilect  ensues  whcii  it  loaches 
IihosphoruB  or  phosphorized  alcohol  or  ether  t  but  pure  alcohol  and 
carburet  of  sulphur  deprive  it  of  its  explgsivc  properly, 

'I'hc  specific  K''ii^ily  of  the  fluid,  Sir  H.  Davjr  has  determined 
to  be  1.GJ3,  water  being  I.  (Phil.  Trans.  lUlS.)  It  ia  nut  coneeal- 
cd  by  espoiiurc  to  the  cold  produced  by  snow  tnd  muriate  orUmc;. 

Messrs.  Porrctt,  Wilson,  and  Kirk,  have  puMiahed  an  elaborate 
memoir  on  thiscompuund  in  Nicholson's  Journalt  xxxiv.  100,  utd  < 
have  described  at  great  length  the  appearances  attending  ita  for- 
roation,  and  the  result*  of  acting  upon  it  with  a  grvat  variety  of 
substances.  These  experiments  tend  to  show  that  U  will  not  ex- 
plode al  any  lemperalure  much  under  212"  Fahr.  nor  without  the 
contact  of  a  conibuslilile  body ;  lha.t  it  may  be  dislilird  it  or  below 
160°,  and  does  not  become  solid  at  —  16".  Though  the  class  of 
bodies  termed  combustible  act  upon  it  most  remarkably,  yet  there 
are  some  bodies  of  that  description,  camphor  for  instance,  with 
which  it  setmcd  to  unite  without  decomposition ;  nor  did  the  me- 
laN,  resins,  or  sugar,  cause  it  to  explode.  It  detonated  with  the 
following  only,  out  of  125  substances  that  were  tried. 


Oil  of  tar. 
Oil  of  amber. 
Oil  of  petroleum. 
Oil  of  orange  pee). 
Naphtha. 
Metallic  so^ta. 
Fused  potassa. 
Solution  of  ammonia. 
Phosphureled  hydrogen  gas. 
Nitrous  gas. 
Phosphurctcd  camphor. 
Oil  of  turpentine. 

The  products  of  its  detonatloBare  chlorine  and  nitrogen  gases, 
but  it  is  impossible  to  determine  the  bulk  of  those  elements  which 
are  affoMed  by  a  given  weight.  The  best  method  of  analyzing  it 
il  by  its  action  on  mercury,  which  unites  with  the  chlorine,  and 
acta  the  nitrogen  free'    Trom  various  experiments  of  this  kind,  Sir 


Supersulphuretcd  hydrogen. 

Phosphorus. 

Phosphurei  df  lime. 

Caoutchouc.     • 

Myrrh.  * 

Palm  oil. 

Ambergris. 

Whale  oil. 

Linseed  oil. 

Olive  oil. 

Ditto  campho 

Ditto  sulphur 


■ted. 


\ 
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H.  Davy  concludes  that  it  is  composed  of  four  in  volume  of  chlo- 
rine to  one  in  volume  of  nitrogen,  or  of 

Chlorine 91.2 

Nitrogen 8.8 

100. 

These  proportions  correspond  best  with  the  opinion,  that  it  is 
constituted  m  one  atom  of  nitrogen  to  four  atoms  of  chlorine ;  it 
will  l>c  represented  therefore  by  14  +  (36  x  4  =)  144,  making  to- 
gether 158;  but  its  analysis  is  not  sufficiently  correct  to  render 
these  numbers  worthy  of  implicit  reliance. 

0/  the  compound  of  Nitrogen  with  Iodine 

Iodine  cannot  be  brought  to  act  directly  upon  nitrogen,  but,  when 
iodine  is  kept  in  a  solution  of  ammonia  in  water,  it  is  gradually 
converted  into  a  brownish  black  substance,  which  is  an  iodide  of 
nitrogen.  This  may  be  collected,  and  dried  at  a  very  gentle  heat 
on  bibulous  paper. 

This  compound  evaporates  spontaneously  in  the  open  air.  It  ex- 
plo<les  with  great  violence  when  touched  or  when  heated,  and  is 
converted  into  nitrogen  gas  and  iodine,  but  all  attempts  to  collect 
the  products  have  failed,  and  wc  are  ignorant,  therefore,  of  the 
proportion  of  its  components.  I'rom  the  experiments  of  Colin,  as 
well  as  from  theoretical  considerations,  (iay  T-ussac  believes  that 
it  consists  of  3  atoms  of  iodine  and  1  atom  of  nitrogen. 


SIXTION  III. 

Of  CarhoHj  and  its  compounds  with  Oxygen^  Chlorine^  and  Iodine. 

Charcoal,  in  the  form  under  which  it  ordinarily  occurs,  procured 
by  igniting  wood  in  close  vessels,  contains  several  ingredients  that 
are  not  essential  to  it;  and  it  is  to  the  pure  carbonaceous  principle, 
divested  of  these  impurities,  that  the  term  Carbon  is  alone  properly 
applied.  The  diannond,  which  Sir  I.  Newton  had  sagaciously  in- 
ferred to  be  a  comlmstible  body,  from  its  powers  of  refracting  light, 
was  first  shown  by  (iuyton  to  contain  carbon,  and  his  exj>eriments 
led  him  to  conclude  that  the  diamond  is  the  only  form  of  pure  car- 
bon ;  and  that  charcoal  is  a  compound  of  carbon  and  oxygen,  or  an 
oxide  of  carbon.  (Annales  de  Chimie,  xxxi.)  The  experiments  of 
Messrs.  Allen  and  Fepys  have,  however,  gone  far  towards  proving 
that  the  diamond  and  charcoal,  though  so  widely  remote  from  each 
other  in  external  characters,  arc,  as  to  their  chemical  nature,  iden- 
tically the.  same ;  and  that  the  difllermce  between  them,  in  all  pro- 
bability, results  merely  from  the  respective  states  of  aggicgation  of 
their  particles. 

Some  doubts,  it  must  be  confessed,  were  thi*own  on  this  con- 
clusion by  an  experiment  of  Sir  II.  Davy,  in  which  an  inflammable 
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gu3  Tras  obtaiuctl,  by  ignitini;  charcoal  fat  a  Toricellian  vxcnum* 
by  a  powerful  Voltaic  battery.  But  the  hTdragcn,  thus  cvohcd, 
mtv  r(.-asonably  be  ascribed  to  water,  from  which  tl  is  rsiremcly 
difficult,  if  not  impossible,  to  fret  cliarcuL  The  absence  of  oiy* 
gej\  fiiim  charcoal  was  proved,  by  heating  ft  with  poiassiumi  for 
BO  poUksu.  WttS  produced;  but  when  potassium  wai  heated  vilb 
diAmandi  there  was  aii  indi&tincl  appearance  of  the  prodiwtioa  af^ 
thai  &ikdl  (Phil.  Trans.  1B14,  p.  557.)  The  suUseqiMttl «  '  ' 
mentt  of  the  same  philosopher  tend  to  establish,  that  t)li 
variably  contains  either  hydrogen  or  water;  for  when  if 
in  pure  and  dry  oxyi^en  gas,  some  moisture  is  alw aw  deposited*  , 
The  (juantity,  however,  is  so  small,  that  hydrogvn  c^^ot  exist  in 
charcoal  as  an  essential  ingredient,  or  in  any  definite  proportiuB. 
The  diamond  appears  to  be  absolutely  free  both  from  water  aod 
hydro^n  ;  «nd  it  is  in  this  respect  only,  and  in  the  mechanical  ar- 
rangement of  its  particles,  that  we  have  any  evidence  of  its  dificr- 
!ng  from  charcoal-  If  proof  were  wanted  of  the  identity  of  the 
two  substances,  it  is  furniahcd  by  the  fact  that  the  diamand  con- 
verts  iron  into  steel,  under  circumstances  ijuiicfrec  from  all  source* 
of  faUacy.  (Phil.  Trans.  1815,  p,  371.) 

To  obtain  charcoal,  pieces  of  oak.  willow,  haxel,  or  other  wooda,    i 
deprived  of  the  hark,  may  be  buried  ui  sand  in  a  crucible,  which     ' 
is  to  be  exposed,  covered,  to  the  strongest  beat  of  a  wind-Tunucc. 
For  purposes  of  accuracy,  charcual  niiisi  lie  tisi-d  when  receUly 

prepared,  and  before  it  li.-  !i  nl  ;■■ '■■    ■  ;.r   ■  .I.'  .  ■■:  i'  m  i-annoi 

be  had  fresh  made,  h  ii.  ,,  .  i   sami 

in  a  crucible.  A  remK|lki'>Iy  pure  charcoal  maybe  obtained  by 
passing  the  vapour  of  oil  of  lurpeiilinc,  or  of  spirit  of  wine,  through 
a  red-hot  tube.  It  then  appears  in  the  form  of  a  black  impalpable 
powder.  In  the  experiments  of  Sir  H.  Davy,  this  sort  of  charcoal, 
by  combustion  in  oxygen  gas,  gave  a  much  smaller  product  of 
motslure  than  any  other. 

From  100  pans  of  each  of  the  following  woods  Messrs.  Allen 
and  Pepys  obtained  the  anuexed  quantities  of  charcoal :  viz.,  fronik 
fir,  18.17;  Iii;numvitK,;17.25jbox,  2(1.25;  beech,  ISjoak,  17.40 -^ 
mahogany,  15.75.  Experiments  on  the  proportions  and  speci&.^ 
gravities  of  charcoal,  obtained  from  different  kinds  of  wood,  a^r-« 
exhibited  also  in  the  form  of  a  table  by  Mr.  C^^ths,  in  the  Quta^z^T' 
.  terly  Journal,  xvi.  264,  and  in  another  table  by  flb-sien,  PhiL  Hi—^- 
end  Ann.  of  Phil.  Sept.  1827. 

In  the  large  way,  charcoal  is  now  most  commonly  prepared  i' 

this  country  by  the  distillation  of  wood  in  cast-iron  cylinders,  i  kt 
loppings  of  young  trees,  commonly  called  crop-wood,  are  gener^^KOj 
employed  :  and,  besides  the  charcoal,  liquid  products  of  value  =^f 
collected,  especially  an  impuijMinegar  which  will  be  dcscribec^B  i> 
■vol.  11,  called  pyroHpietm^MMt  The  process  is  described.  ■' 
length  by  Mr.  I'arkcs  in  the^fffclume  of  his  "  Chemical  Essajp^/' 
p.  471." 

The  charcoal  of  wood,  besides  its  use  as  a  fuel,  is  neccssar-y  lo 
the  pTr|>ui  aiLiiii  of  that  kind  of  iron  which  is  used  for  wire ;  t»   Oie 
ion  of  steel  by  the  common  process;  and  to  the  prc|»«ra' 
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tion  of  (gunpowder.  The  charcoal  prepared  from  coal,  called  cokCf 
is  less  pure,  and,  beside  other  substances,  generally  contains  sul- 
phur ;  but  it  has  the  advantage  of  being  heavier  and  more  compact, 
in  consequence  of  which  it  is  better  adapted  for  buniing  in  furna- 
ces in  which  there  is  a  powerful  blast  of  air. 

Lamp-black,  a  necessary  ingredient  of  printing-ink,  is  the  con- 
densed soot  collected  from  the  refuse  resin  of  turpentine  makers. 

A  new  and  very  curious  form  of  carbon  has  been  described  by 
Dr.  Colquhoun  of  (ilasgow  (Ann.  of  Phil.  July  1826).  When  coal 
gas  is  passed  over  red-hot  iron,  in  Mr.  Macintosh's  process  for 
converting  iron  into  steel,  this  variety  of  carbon  is  deposited  in 
long  capillary  threads,  very  fine,  brittle,  perfectly  black,  and  hav- 
ing considerable  lustre.  In  its  external  appearance,  though  this 
is  the  most  perfect,  many  shades  of  difference  occur.  The  filaments 
are  combustible,  without  leaving  any  residuum,  and  on  being  burn- 
ed with  peroxide  of  copper  afford  carbonic  acid  only,  and  give  no 
trace  of  hydrogen  ;  nor  do  they,  by  treatment  with  the  proper  tests, 
exhibit  the  presence  of  iron.  They  may  be  considered,  therefore, 
as  absolutely  pure  carbon. 

Charcoal  has  the  following  properties : 

1.  In  its  aggregated  state  it  is  black,  perfectly  insipid,  and  fi*ec 
from  smell ;  msoluble  in  water,  brittle,  and  easily  pulverized.  lu 
close  vessels,  and  entirely  secured  from  contact  with  air,  it  is  un- 
changed by  any  degree  of  heat,  A  gas,  however,  may  be  collected 
from  it  by  distillation,  which  consists  of  hydrogen  and  carbon,  and 
perhaps  a  little  oxygen.  Berthollet  has  found,  also,  in  the  aeriform 
products  of  its  distillation,  a  considerable  proportion  of  nitrogen. 
(Memoires  d'Arcueil,  ii.  4S4.) 

In  the  section  on  carbonic  acid,  it  will  be  explained  what  is  meant 
by  the  v(tpottr  of  charcoal^  and  it  may  be  sufficient  at  present  to  ob- 
serve that  \\\\T»  term  is  not  applicable  to  charcoal  in  any  state  in 
which  it  can  be  experimentally  exhibited,  but  to  that  state  in  which 
it  exists  in  gaseous  combination  with  other  bodies. 

2,  Charcoal  has  the  singular  property  of  absorbing  gases  with- 
out alteration.  Till  a  jar  with  common  air,  or  any  other  gas,  and 
place  it  over  dry  mercury:  take  a  piece  of  charcoal,  red-hot  from 
the  fire,  and  plunge  it  in  the  mercury  of  the  bath :  when  cold,  let 
it  be  passed  into  the  vessel  of  gas,  without  bringing  it  into  contact 
with  the  atmosphere.  A  considerable  diminution  of  the  gas  will 
he  effected ;  and  in  24  or  36  hours  its  absorption  will  be  completed. 

Count  Morozzo  has  given  the  following  table  of  the.  (juantities'of 
different  gases,  absorbed  in  the  foregoing  manner  by  charcoal.  In 
each  experiment,  he  emplo\ed  a  piece  of  that  substance  1  inch 
long  and  4  of  an  inch  diameter.  The  receiver  containing  gas  was 
12  inches  long  and  1  inch  dianie^r. 

Ciu«  al>M>rlMtI.  liulin. 

Atmospheric  air      -     -     -       34 
Carbonic  acid     -     -     -     -     11 

Ammonia 11 

Muriatic  acid     -     -     -     -     11 
Sulphureted  hydrogen      -     1 1 
Vo^  I.  Pp 


C:i4  al»iiiiM-d.  liicli«t. 

NiiroMs GJ 

Hydrogen 2j*j 

Oxygen    ------     2i 

Sulphurous  acid     -     -     -     5l 


i  AeniTt\Bi.»  ni>Di». 


This  property  of  chnrcoal  has  hctn  maAe  the  «ubj«:t  of  »  valuK- 
blc  act  uf  cxncrimcniB  hy  Saussurv.  (Thonwion's  Annal&,  vl.  Ml.) 
Chtrcoal  orbox  wood  he  fuunO  to  absorb,  in  lets  Ihau  £4  hours,  nf 


Ammoniacal  gas  ■-  - 
Muriatkacld  -  -  - 
Sulphurous  acid  -  - 
Sulphurc4«l  hydrogwi 
Nitruu*  oxifle  •  •  - 
Carbonic  acid    -    -    • 


35 


OkBatii  gas    •    -    -     -  35 
Carbonic  o&ido     -     -    •     9.42 
Oxygen  -•...-.    6.05 

Aiotc T.5 

Hydrogen 1.73 


Most  of  the  phenomena  aitOTding  this  absorption  five  already 
been  described,  in  speaking  of  the  absorption  of  gi»e«  by  soUdi. 
It  appears  to  bu  entirely  a  mcchanK^al  rffcct ;  for  even  tboK  gn*r* 
that  have  on  affinity  for  charcoal  (hydronvn  and  oxygen  for  in- 
atance),  are  giien  out  unchanged  at  the  heal  of  boilin);  water.  The 
densest  and  heaviest  kinds  of  charcoal  arc  most  remarliablc  fnr 
Ibis  property,  which  is  much  diminished  by  pulverizing  them; 
and  it  tloea  nut  exist  at  all  in  plumbago  or  in  slune  coal. 

3.  From  the  experiment  or  Rounpi^,  (Atin.  dc  China,  xxxlj.  1,) 
it  appears,  that  if  charcoal,  which  has  imbibed  oxygen  ga*,  be 
brought  into  contact  with  hydrogen  gas,  watw  ia  ^nentted;  but 
Sanssuru,  by  a  careful  repetition  of  it,  could  not  obtain  the  tame 
result. 

^  Chaico^il,  !■)■  long  cxpusiirf  lo  the  atmosphere,  absorbs  one- 
twentieth  of  its  weight,  ^ree-fourths  of  which  are  water.  (Clemeiit 
andDesormes.)  • 

The  ch^rwal  of  different  woods,  Messrs.  Allen  and  Pepya  found 
to  IncrealMSty  differenlly  in  weight;  that  from  fir  gvned  by  m 
week's  expoiurc  to  the  air,  13  per  cent.  -,  that  from  lignum  vitx,in 
the  same  time,  D.6;  from  box,  14  ;  beech,  l6.S  ;  oak,  16.5;  mahO' 
gany,  18.  The  absorption  goes  on  most  rapidly  during  the  firat  94 
kovrsi  and  by  much  the  largest  part  of  what  is  absorbed  conusts 
of  water  merely. 

*-9t  Charcoal  resists  the  putrefaction  of  animal  snbstances.  A 
]pleee  of  flesh-meat,  which  has  begun  to  be  tainted,  may  haTc  ita 
Wectness  restored  by  rubbing  it  daily  with  powdered  eliarcoal ; 
and  may  be  preserved  sweet  for  some  time  byJM^ing  it  in  pow- 
dered charcoal,  which  is  to  be  renewed  daily.  ^Rtrid  water  la  al- 
af  restored  by  the  application  of  the  same  substance ;  and  Water 
nay  be  kept  unchanged  at  sea,  by  perfectly  charring  the  inner 
•nrfaceof  the  casks  which  arc  used  to  contau  it.  (Lovita,  Ann.  dc 
Chim.  torn,  xlv.)  It  produces,  also,  a  remainble  effect  in  destroy- 
ing the  taste,  odour,  and  colour  of  many  vegetable  and  animal 
anutances.  Common  vincgan^  being  boiled  on  it,  is  rendered 
perfectly  limpid.  Rum  and  M^barieties  of  ardent  spirit,  which 
— s  distinguished  by  peculiar^ffiurs  and  flavours,  lose  both  by 
''^^wijh  powdered  charcoal.  The  colour  of  litmus,  indigo, 
^gmi^nis,  dissolved  or  suspended  in  water^  is  destroyed. 
Mimal  fluids,  and  air  contaminated  with  offensive  ftimea, 
h  umpletely  deprived  of  their  odour.     These  effects  are 
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most  certainly  produced  by  aninial  charcoal ;  which  is  best  adapt- 
ed for  this  purpose  when  obtained  by  calcining  bones  in  close  ves- 
sels.    (79  Ann.  de  Chim.  80 ;  Quart.  Joum.  iv.  367.) 

6.  Charcoal  is  a  very  slow  conductor  of  caloric.  The  cxpcri- 
mcots  of  Guyton  have  determined,  that  caloric  is  conveyed  through 
charcoal  more  slowly  than  through  sand,  in  the  proportion  of  three 
to  two.  Hence  powdered  charcoal  may  be  advantageously  employ- 
ed to  surround  substances  which  are  to  be  kept  cool  in  a  warm  at- 
mosphere ;  and  also  to  confine  the  caloric  of  heated  bodies.  It  af- 
fords, however,  an  easy  transmission  to  the  electric  fluid. 

7.  liision  ami  Volatilization  of  CAarcoo/.— Professor  Silliman,  of 
Yale  College,  America,  was  the  first  who  observed,  on  subjecting 
cylindrical  pieces  of  charcoal,  tapered  to  a  point,  to  the  galvanic 
deflagrator  of  Dr.  Hare,  when  in  powerful  action,  that  the  charcoal 
point  of  the  positive  pole  instantly  shot  out  iV^h,  ith,  or  even  ith 
of  an  inch,  ihe  charcoal  of  the  negative  pole  underwent,  in  the 
mean  time,  a  change  precisely  the  reverse,  its  point  disappearing^ 
and  a  crater-shaped  cavity  being  substituted  in  its  stead.  By  plac- 
ing a  piece  of  metal  at  the  negative  pole  in  lieu  of  charcoal,  it  was 
ascertained  by  the  absence  of  the  usual  phenomena,  that  the  in- 
crease, before  observed  in  the  charcoal  at  the  positive  pole,  was 
occasioned  by  an  actual  transference  of  charcoal,  from  the  former 
to  the  latter.  On  examining  with  a  magnifier  the  projecting  point 
of  the  charcoal  at  the  positive  pole,  it  was  found  to  have  under^ 
gone  distinct  fusion  into  small  spheres  collected  into  botryoidal  or 
mamillary  concretions.    (Ann.  of  Phil.  N.  S.  iv.  119.) 

These  experiments  have  been  repeated,  with  similar  results,  by 
Professor  Griscom  of  New-York.  (Silliman's  American  Journal, 
V.  SGl.)  But  considerable  doubts  have  been  expressed  as  to  their 
accuracy,  by  Mr.  Vanuxcm,  who,  while  he  admits  the  facts  to  be 
correctly  stated,  ascribes  the  appearance  of  fusion  to  foreign  sub- 
stances, which,  indeed,  he  detected  in  the  fused  globules  by  analy- 
sis. By  operating  on  charcoal  in  the  purer  form  of  lamp-black,  he 
could  not  obtain  any  appearances  of  fusion.  Dr.  Cohjuhoan,  on 
the  other  hand,  inclines  to  the  opinion  that  the  charcosJ,  deposit- 
ed from  coal  gas,  has  undergone  fusion,  notwithstanding  its  free- 
dom from  foreign  bodies. 

B.  The  wei^t  of  the  atom  of  charcoal  was  inferred  by  Mr.  Dal- 
ton  to  be  5.4,  ihat  of  oxygen  being  7.  But  if  the  weight  of  the 
atom  of  oxygen  be  corrected  to  8,  the  atom  of  charcoal  will  then 
weigh  6.  The  evidence  in  favour  of  this  conclusion  will  be  stated 
in  the  following  section.  The  specific  gravity,  which  carbon  would 
have,  if  reducible  iato  a  vaporous  form,  is  calculated  by  Gay  Lus- 
sac  to  be  0.4166,  a  number  adopted  by  Dr.  Thomson. 

CombusHpn  of  Carbon. 

If  a  small  piece  of  charcoal  be  exposed  red-hot  to  atmospheric 
air,  it  exhibits  scarcely  any  signs  of  combustion,  and  soon  becomes 
cold;  but  Sir  H.  Davy  has  observed  that  dry  charcoal  converts 
oxygen  gas  pretty  rapidly,   though  imperceptibly,  into  carbonic 
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acid,  at  a  temperature  a  little  above  the  boUing  point  of  quicksil- 
ver, (Phil.  Trans.  1817,  p.  16,)  and,  according  to  Saussure,  the 
oxygen  gas,  which  is  absorbed  by  charcoal,  is  converted  in  time 
into  carbonic  acid,  ut  the  common  temperature  of  the  atmosphere. 
If  a  piece  of  charcoal,  heated  to  about  800**  or  1000®  Fahrenheit, 
or  nearly  lo  redness,  be  introduced  into  a  receiver  filled  with  oxy- 
gen gas,  it  continues  to  bum  with  greatly  increased  splendour,  and 
with  bright  scintillations;  and  if  the  charcoal  be  pure,  and  its  pro- 
portion rightly  adjusted,  it  is  entirely  consumed.  When  the  quan- 
tity burnt  is  considerable,  a  manifest  production  of  water  takes 
place,  and  the  inner  surface  of  the  glass  vessel  becomes  covered 
■with  moisture,  which  disappears,  however,  on  standing.  This  por- 
tion of  water  owes  its  origin  to  the  union  of  oxygen  with  the  hy- 
drogen, which,  it  appears  from  Sir  H.  Davy's  experiments  and 
from  the  results  of  its  distillation,  all  charcoal  contains. 

The  diamond,  also,  which  was  formerly  considered  as  an  incom- 
bustible substance,  may  be  burnt  by  a  sufficiently  intense  heat  even 
In  atmospherical  air.  The  Florentine  academicians,  in  the  year 
1694,  appear  first  to  have  ascertained  this  fact,  by  exposing  dia- 
monds to  the  focus  of  a  powerful  burning  lens.  Their  experiment 
has  been  repeated  by  subsequent  chemists,  with  various  modifica- 
tions. It  has  been  found  by  Sir  (ieorge  Mackenzie  that  diamonds 
bum  in  atmospheric  air,  when  exposed  on  a  muflle,  to  the  tempera- 
ture of  about  14®  Wedgwood.  In  oxygen  gas  the  diamond  takes 
fire,  when  tho  focus  of  :i  powerful  Ions  is  thrown  upon  it;  and  ron- 
tinucs  to  burn,  ihoni^h  r('nio\c«.l  out  of  ihc  locus,  wilh  :i  stt-jflv 
!)riHiani  li;<lit,  visi!)lc  in  ihc  stroni^cst  sunsliinc.  :l)^\y.  in  IMiil. 
Trans.  lS14.j  Tlic  poriion  oi' (li:iin»)nrl,  which  rcniaiiis  unrun-^uTii- 
ed,  is  not  rendered  hhick,  us  lius  hern  ussn-icd,  hut  is  fouT.d  in 
have  lost  its  lustrt".  lik<'  l:1:iss  inwd  (.u  hy  il\i.»ric  ucid.  Wh«  n  :'  t- 
vcssid  hiis  become  cold,  no  ])ro(hiition  w  hai>ioc\cr  <if  nv/iNfj:*-  is 
visibh*.  Hy  ciVcctinj;  its  conil)usii<.n  in  this  way.  (lu\ton  th'»\i-^-iiT 
he  had  determined  that  the  diamond,  in  an  etjual  weii;ht.  C'lniJiin^ 
more  real  carbon  than  exists  in  common  ( luin'oal.  Mis  L\;)»'i- 
ments,  however,  liuve  not  been  confirmed  l)y  thosi' of  other  el-.i - 
mists. 

One  fart,  however,  has  been  contributed  on  this  subject  by  Ciuv- 
ton,  ^\hich  is  rjf  t  onsi(hM'aI)K'  vahie.  The  diamond,  he  tirst  ;isi  tr- 
tained,  is  (h-sti-ovcd  w  iu-n  thrown  into  r<'d-hol  and  irndted  nitre: 
and  this  property,  it  will  aft<"rwards  aj)p»-ai-,  has  bren  succt  sNfj.lIv 
applied  l)y  Mr.  Tennant  to  the  (h-termination  of  the  n.;turi-  •.!'  the 
diamond,  and  (»f  tlu'  ])i(.])i)rti(nj  of  iu'^redients  in  carboiii  ■  a«  id. 

At  till'  Ko\al  Institution,  an  apj^iratus  is  employed  i\tv  tin-  x  i»n;- 
buslion  of  the  diamond,  frum  \iliirh,\vith  Mr.  IJrande's  permisM.m. 
tlu'  annexed  sketcji  has  been  taken.  It  iOUNists  of  a  icJa-s  i;!.)!^-, 
lapable  of  Inildinir  al)„ui  No  cubical  in(  hi  s,  which,  -.vlien  used, 
is  first  <'\haustrd,  a!id  tlien  lilled  with  lixyjn'n  ^C'l^-  l'»  ^he  «en!:i 
of  this  ^;lobe  is  supported  a  small  hemisj)herical  cu])  of  platinum, 
pierced  wilh  small  holes.  This  is  destine<l  for  containint;  rhe  dia 
monds;  and  beneath  it,  at  the  distance  of  about  j  of  an  Iim  h,  is 
the  orifice  of  a  small  pipe,  from  which  a  jet  of  hydrogen  gas  may  hi- 
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forced,  by  opening  the  cock  and 
pressing  the  bladder.  This  stream 
of  hydrogen  being  lighted  by  elec- 
tric sparks,  taken  by  means  of  a 
contrivance  usually  employed  for 
that  purpose,  ignites  the  diamonds, 
and,  when  they  are  white-hot,  the. 
gas  it  extinguished  by  shutting  the 
cock.  The  diamonds  continue  to 
bum  till  they  are  so  much  reduc- 
ed in  size  that  the  cooling  power 
of  the  platinum,  with  which  they 
arc  in  contact,  prevents  their  far- 
ther combustion.  After  the  appa- 
ratus has  .cooled,  the  gas  within 
the  globe  will  be  found,  when  ex- 
amined by  rules  which  will  pre* 
sently  be  given,  to  have  undei*gone 
an  essential  change,  and  to  be  partly 
converted  into  carbonic  acid. 

To  collect  the  entire  products  of  ^^ 
the  combustion  of  carbon,  in  either  of  r 
its  forms,  requires  rather  a  compli- 
cated apparatus.  Lavoisier  burnt 
charcoal  in  a  known  quantity  of 
oxygep  gas,  which  was  confined  by  mercury,  the  charcoal  being  set 
on  fire  by  a  bent  iron  wire  heated  to  redness,  and  introduced  through 
the  quicksilver.  (Elements  of  Chemistry,  pl«  iv.  fig.  3»)  Messrs. 
Allen  and  Pepys  collected  the  products  of  the  combustiOB  of  charcoal 
and  of  the  diamond,  by  buniing  them  separately  in  a  platinum  tube, 
set  horizontally  in  a  charcoal  furnace,  and  connected  at  each  extre- 
mity with  a  mercurial  gazometer.  A  correct  idea  of  this  arrange- 
ment will  easily  be  obtained  by  imagining  that  to  each  end  of  the 
tube  c,  fig.  40,  the  pipe  6  of  a  gazometer,  like  that  shown  fig.  35, 
is  connected.  At  the  outset  of  the  experiment,  one  of  the  gaxooAe- 
ters  was  filled  with  a  known  quantity  of  the  purest  oxygen  gas,  and 
the  other  was  empty.  The  tube  was  then  made  red-hot;  and  the 
gas,  being  foi^|iB  alternately  from  one  gazometer  to  the  other^ 
was  repeated l^Rught  into  contact  with  the  red-hot  charcoal  or 
diamond.  The  volume  of  the  gas  was  found  to  be  entirely  un- 
altered; but  it  had  received  an  addition  to  its  weight  precisely 
equal  to  what  the  charcoal  or  diamond,  on* weighing,  was  ascer- 
tained to  have  lost  ^%id  it  was  partly  converted  into  a  gas,  called 
carbonic  acid,  totally  different  in  its  properties  from  oxygen  gas. 
It  appears,  therefore,  that  oxygen  gas,  by  conversion  into  carbonic 
acid,  undergoes  neither  expansion  nor  condensation.  This  conclu- 
sion is  farther  established  by  the  recent  experiments  of  Sir  H. 
Davy,  on  the  combustion  of  the  diamond  in  oxygen  gas. 

Carbonic  ^eid. 
From  the  quantity  of  charcoal  or  diamond  consumed  in  the  ex- 
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periments  of  Allen  and  Pcpys,  and  the  quantity  of  oxygen  convert- 
ed into  carbonic  acid,  it  is  easy  to  infer  the  proportion  of  carbon 
and  oxyi[|;i^n  in  the  new  compound.  Reducing  these  to  centesimal 
proportion,  for  every  28  or  29  grains  of  the  combustible  base 
vhich  disappeared,  100  grains  of  carbonic  acid  (a:  about  201  cu- 
bic inches)  were  generated ;  and  it  is  remarkable  that  these  pro* 
portions  agree  exactly  with  those  originally  stated  by  Lavoisier. 
Xhe  same  quantity  of  carbonic  acid  resulted,  also,  from  the  com- 
bustion of  between  28  and  29  grains  of  diamond.  Hence  it  may  be 
inferred,  that  the  actual  quantity  of  carbon  in  equal  weights  of 
diamond  and  charcoal  is  very  nearly  the  same ;  and  that  charcoal 
is  not,  as  has  hitherto  been  supposed,  an  oxide  of  carbon;  their 
only  difference  consisting  in  the  presence  of  hydrogen  in  charcoal, 
in  so  small  a  proportion  as  not  materially  to  diminish  the  quantity 
of  carbonic  acid  produced  by  its  combustion.  If  this  inference  re- 
quired confirmation,  it  is  furnished  by  its  agreement  with  Mr.  Ten- 
nant's  experiments  on  the  combustion  of  the  diamond,  published 
in  1797.  Two  grains  atVid  a  half  of  diamond  (that  philosopher 
found),  when  consumed  in  a  tulie  of  gold  by  means  of  nitre,  gave 
nine  grains  of  carbonic  acid«  which,  in  100  parts,  should  contain, 
therefore,  as  nearly  as  possible,  28  parts  of  diamond  or  carbon. 
The  mean  of  a  number  of  Messrs.  Pepys  and  Allen's  experiments 
give  the  following  stutenicnt  of  the  composition  of  carbonic  acid  : 

Carbon         -         -         28.60         -         -  6 

Oxyj^cri        -         -         71.40         -         -         15   very  nearly. 

11)0. 

It  is  riMuarkaMi',  also,  ib:it  ihcsc  Tiunibcrs  |)rccibcly  aj^roo  ^^  iili 
thosr  deduced  IVoin  the  ('\[)i'riiiu'iil^  of  C'lenu'nt  and  Drsornirs. 
(Ami.  de  CMiini.  xx\i\.  l-l.)  They  ditVer,  liowcver,  ii  liule  from 
those  of  Saussure,  juTi..  who  st.iles  the  carlx/n  in  KM)  v^rains  nf  car- 
bonic acid  at  between  '27.0  4  and  '27. .''S  urrains.  'i'lie  rcMills  of  (iav 
Lussuc,  which  nvr  i'\)u\\tv\uJ)U'  \\i;h  the  views  of  IJerzelins,  utkI, 
as  nearly  as  j)(.'ssil)le  with  those  of  Dr.  AVollastoii,  are, 

C!ail>»)n     -     -     -     -      ^2^..^^^     ----('► 

O.wren    -     -     .     -     ri(')-24     --.-!»'»  ver\  nearlv. 


H)(). 

In  experiments  of  sueh  extreme  delicacy,  all  that  can  he  evpecri-xl 
is  a  near  apj)ro\imati<)ii  ti,  il-.r  true  proportions  «>!*  the  elrments  •! 
rom[)<#Mn.l  ii^asis,  and  w  i*  ;i!e  i?j  this  <  ase  eiilillcd  to  enuehule  thu* 
<i  l)y  wii;;!H  (one  atom)  of  <  hareoal  unites  with  lt>  hy  weij^^hi  !W" 
atoms)  of  <;\y..^en  io  I'orm  .2.2  of  c.ir;)oTjic  a(  i<l,  the  atom  <.:'  w  hi*,  r-. 
is  correetlv  ripresmled  !>v  thenumher  C2.  In  \olinni-s,  its  roiiNli- 
tution  has  I). en  st;iti(l  hv  (lav  I.iissae  to  he  1  of  traseons  i  ai  hon  -*- 
1  of  oxy^^en,  c«>nden^eil  in:o  thesj)aei'  of  1  \olume,  and  ilu  ilensit> 
of  the  vapoiir  of  <  lurroal  to  he  lipial  to  tlie  density  of  cariioniv 
acid,  h'ss  that  til'  <i\virrn  t^as,  or  to  \.M77 —  l.llll  =  n.41(*if'. 
When  to  1  volume  ofi  ai!)onic  c)\i(le,  a  compoun<l  (presently  to  In 
described)  of  <i  hy  weii;hl,  or  I  atom,  ol  carl)un,  and  H,  =   t  atom. 
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of  oxf  gen,  wc  add  half  a  volume  of  oxygen,  and  detonate  the  mix- 
ture over  mercury,  we  obtain  one  volume  of  carbonic  acid,  which 
gas  may  therefore  be  considered  as  constituted  either  of  one  volume 
of  carbonic  oxide  +  half  a  vol.  of  oxygen  condensed  into  one  vo- 
lume, or  of  one  volume  of  vaporous  carbon  +  1  vol.  of  oxygen^ 
condensed  into  1  volume. 

In  addition  to  the  proofs  of  the  constitution  of  carbonic  acid,  de- 
rived from  its  synthesis,  we  have  also  the  evidence  of  its  analysis, 
which  may  be  effected  by  several  pi*ocesses. 

1.  By  passing  a  succession  of  electrical  discharges  through  a 
quantity  of  carbonic  acid  gas  confined  over  mercury,  I  have  found 
that  the  gas  is  separated  into  oxygen,  and  carbonic  oxide.  When 
the  carbonic  acid,  which  escapes  decomposition,  has  been  washed 
out  by  solution  of  potassa,  an  electric  spark  inflames  the  residuary 
mixture;  the  oxygen  and  carbonic  oxide  again  uniting,  and  re- 
composing  carbotffic  acid.  (Phil.  Trans.  1809,  p,  448.) 

2.  When  a  mixture  of  carbonic  acid  and  hydrogen  gases  is  elec- 
trified, the  hydrogen  combines  with  part  of  the  oxygen  of  the  acid, 
and  reduces  it  to  the  state  of  carbonic  oxide.  The  same  products 
are  obtained,  by  transmitting  a  mixture  of  two  parts  of  hydrogen 
gas  and  one  of  caH>onic  acid  through  a  glazed  porcelain  tube  strong- 
ly ignited.  The  hydrogen  uniting  with  a  part  of  the  oxygen  of  the 
carbonic  acid,  brings  the  latter  to  the  state  of  carbonic  oxide,  at 
the  same  time  that  water  is  formed. 

5.  When  potassium  is  heated  in  carbonic  acid  gas,  Sir  H.  Davy 
has  found  that  the  metal  inflames ;  part  of  it  is  oxidated  at  the  ex- 
pense of  the  acid ;  and  part  of  it  unites  with  the  charcoal,  which  is 
precipitated. 

4.  J3y  simply  heating  phosphorus  in  carbonic  acid  gas,  no  step 
is  made  towards  the  decomposition  of  the  latter,  fiat,  by  applying 
phosphorus  to  some  of  the  combinations  of  car!)onic  acid,  the  phos- 
phorus is  oxygenated,  and  carbon  appears  in  a  separate  form.  The 
original  discovery  of  this  fact  is  due  to  the  late  Mr.  Smilhson  Ten- 
nant  (Phil.  Trans.  1791,  p.  18^2);  and  the  details  of  the  experiment 
have  l)een  minutely  followed  up  by  Dr.  Pearson.  (Phil.  Trans.  \79% 
p.  i289.) 

To  exhibit  this  fact,  provide  a  tube  of  very  thin  glass,  about  one- 
third  of  an  inqh  wide,  and  eighteen  or  twenty  inches  long,  sealed 
at  one  end.  Coil  it,  within  about  an  inch  of  the  sealed  extremity, 
with  a  lute  of  sand  and  clay;  and,  when  this  is  dry,  put  into  it  as 
much  purified  phosphorus,  in  small  pieces,  as  will  fill  the  uncoated 
part.  Then  cover  the  phosj)horus  with  fragments  of  carbonate  of 
lime,  or  carbonate  of  soda  which  has  been  deprived  of  its  water  of 
crystallization.  Let  the  part  of  the  tube,  which  contains  the  car- 
bonate, be  made  red-hot  by  means  of  a  portable  furnace ;  and,  at 
this  moment,  apply  heat  to  the  part  containing  the  phosphorus, 
sufficient  to  melt  and  raise  it  into  vapour.  The  vapour  of  the  phos- 
phorus, coming  into  contact  with  the  red-hot  carbonate,  will  de- 
compose the  carbonic  acid ;  and  charcoal  will  be  found  in  the  resi- 
due of  the  process,  in  the  form  of  a  very  light  and  black  powder. 

To  procure  carbonic  acid,  sufficiently  pure  for  the  exhibition  of 
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Sia  prupeftlcfl,  the  combustion  of  charcoal  ir  far  frDin  the  best  pn^ 
ce»9.  The  Rludcnt  mny.  ihrrcforc,  huvcr  recourfte  lo  uiuihcr.  the 
ralicnaif  of  which  he  will  not,  m  prfsenl,  understand ;  but  which 
will  be  esplaliieil  aftcrwurd^  jnto  a  common  ^b«  lioitlc  jiut  a  lit- 
tle powdered  marble  or  chalk,  and  pour  on  lhi»  sulphuric  acid, 
diluted  with  five  or  nix  times  ili  wfiifhl  of  water;  or  upuu  ■nuil 
fr&gm«nls  of  marble  about  the  sixe  of  borae-bcans'coiilaiocd  in  ■ 
gas  buiilc.  pour  inurtaiic  acid  diluted  with  eight  or  len  time*  iu 
weigh)  of  water,  which  disengagrx  the  ga»  tnore  ilowljr  and  conve- 
niently. This  gns  nf  ay  b«  received  over  mercury ;  hut  a  mcrcaria] 
ftpparatus  is  not  absolutely  esseniiul,  since  the  gat  may  be  collected 
over  w&iert  if  used  immediately  when  procured.  Carbonic  acid 
may  also  be  sep^ralcd  by  heat  alone  from  carbunate  of  Ume.*  For 
this  purpose,  coarsely  powdered  chalk  or  tnarble  may  be  |iut  Into 
the  iron  veascl  a,  fig.  85,  which  may  be  connec^cdj  by  mraiii  of  ibc 
conducting  pipe  6,  with  a  gasometer.  The  reasiving  cyliader  tif 
the  latter,  nrter  a  .-lullicienlly  lung  continuance  of  htrat  to  ibe  bot- 
tle a,  will  be  ftlled  with  curbonic  acid  g^si  coniatninated.  however, 
by  a  small  proportion  of  carbonic  oxide,  and  aomctimcs  •  Uttk  hy- 
drogen. 

Liijuefaetion  of  t'arbonU  Jlcid. 

Carbunic  acid  was  li(iuefied  by  Mr.  Faraday  in  the  following 
roanner.  Into  a  lube,  bent  and  sealed  at  the  xhnrtcr  end,  »lronguit- 
phuric  acid  was  poured  through  a  small  funnel,  so  as  ncirljf  to  ail 
the  short  leg  without  soiling  the  longer  one.  A  piece  of  platinum 
foil  was  then  crumpled  up  and  pushed  in,  and  upon  that  were  put 
fragments  of  carbonate  of  ammonia  until  the  tube  was  nearly  full. 
In  this  way  Jteiien  was  prevented,  until  the  tube  was  sealed.  When 
closed,  the  sulphuric  acid  was  made  to  run  upon  the  ammoniacal 
carbonate,  and  the  clean  end  of  the  tube  was  immersed  in  a  freez- 
ing mixture.  Much  stronger  tubes  are  required  in  this  case  than 
in  tay  similar  one ;  and  the  danger  of  violent  explosions,  from  vtc 
nations  in  the  temperature  of  the  atmosphere,  renders  great  can- 
tion  necessary  in  handling  them. 

Carbonic  acid  thus  produced  is  limpid,  colourless,  extremely 
fluid,  and  floats  upon  the  other  substances  in  tt^^be.  It  distils 
readily  and  rapidly  at  the  difference  of  temperflHk  betweeo  32* 
and  0°.  Its  refractive  power  is  much  less  than  tnat  of  water.  It* 
appearance  was  unaltered  by  any  diminution  of  temperature  to 
which  it  was  sulyected.  In  endeavouring  to  open  the  tubes  at  one 
end,  they  uniformly  burst  into  fragments  will}  powerful  explosions. 
By  enclosing  a  gauge  in  a  tube,  in  which  fluid  carbonic  acid  waa 
afterwards  produced,  it  was  found  that  its  vapour  exerted,  at  SSt* 
Fahr.,  a  pressure  of  36  atmospheres. 

Pn^erliei  of  carbonic  aeul gas. — Aeriform  carbonic  acid  has  tbe 
following  properties; 

It  txtingidikajiame. — Set  a  vessel,  filled  with  gas,  with  its  month 
upwards,  and  let  down  a  lighted  candle.  The  candle  will  inatandjr 
be  extinguiihed.    A  person,  aays  Dr.  Priestley,  who  ia  qmite  « 
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Stranger  to  the  properties  of  this  kind  of  gas,  will  be  agreeably 
amused  with  extinguishing  lighted  candles,  or  blazing  chips  of 
wood,  on  its  surface.  For  the  smoke  readily  unites  with  thi'.  kind 
of  air;  so  that  little  or  none  of  it  escapes  into  the  atmosphere.  It 
is  remarkable,  that  the  upper  surface  of  this  smoke,  floating  in  the 
fixed  air,  is  smooth  and  well  defined;  whereas  the  lower  surface  is 
exceedingly  ragged,  several  parts  hanging  down  to  a  considerable 
distance  within  the  body  of  the  carbonic  acid,  and  sometimes  iii 
the  form  of  balls,  connected  to  the  upper  stratum  by  slender  threads, 
as  if  they  were  suspended.  The  smoke  is  also  apt  to  form  itself  into 
broad  flakes,  exactly  like  clouds.  Making  an  agitation  in  this  air, 
the  surface  of  it  (which  still  continues  exactly  defined)  is  thrown 
into  the  form  of  waves;  and  if,  by  this  agitation,  any  of  the  cai^ 
bonic  acid  be  thrown  over  the  sides  of  the  vessel,  the  smoke  which 
is  mixed  with  it  will  fall  to  the  ground,  as  if  it  were  so  much  water. 

//  is  fatal  to  animals, — Put  a  mouse,  or  other  small  animal,  into 
a  vessel  of  the  gas,  and  cover  the  vessel,  to  prevent  the  contact 
of  common  air.  The  animal  will  die  in  the  course  of  a  minute  or 
two.  In  this  way,  butterflies,  and  other  insects,  the  colours  of 
which  it  is  desirable  to  preserve,  for  the  purpose  of  cabinet  speci- 
mens, may  be  suiFocated  better  than  by  the  common  mode  of  kill- 
ing them  with  the  fumes  of  sulphur. 

Specific  gravity. — According  to  Sir  II.  ^Davy,  100  cubic  inches, 
at  55''  Fahrenheit,  and  30  inches  of  the  barometer,  weigh  47.5 
grains;  and  at  GO^,  with  the  same  pressure,  would  weigh  47. 11. 
Messrs.  Allen  and  Pepys  determined  that  100  cubic  inches,  at  GO"^ 
Fahr.,  and  30  inches  barometer,  weigh  47.20  grains.  Its  specific 
gravity,  according  to  Biot  and  Arago,  is  1.519G;  and  hence,  if  jno 
cubic  inches  of  atmospheric  air  weigh  30.5  grains,  the  same  bulk  if 
carbonic  acid  gas  should  weigh  4G.34  grains.  Dr.  Ure  finds  100 
cubic  inches  to  weigh  46.4  grains.  Dr.  Thomson  states  i*&  opccific 
gravity  to  be  1.52778,  and  Berzelius  and  Dulong  1.5£40.  It  will  be 
a  sufliciently  near  approximation  to  take  the  weight  of  100  cubical 
inches  at  46.55  grains,  at  a  mean  of  the  barometer  and  thermo- 
meter. 

To  show  the  superior  specific  gravity  of  this  gas  in  a  general 
way,  the  following  experiment  will  be  sufficient.  I^t  a  long  glass 
tube,  proceediii{(  from  a  gas  bottle,  containing  powdered  marble  and 
dilute  sulphuric  acid,  be  twice  bent  at  right  angles;  let  the  open 
end  of  the  longer  leg  reach  the  bottom  of  a  glass  jar,  perfectly  dry 
within,  and  standing  with  its  moulh  uppermost.  The  carbonic  acid 
will  expel  the  common  air  from  the  jar,  because  it  is  heavier.  This 
superior  gravity  may  be  f;irther  shown  as  follows:  When  the  jar 
is  perfectly  filled  with  the  gas  (which  may  be  known  by  a  lighted 
candle  being  instantly  extinguished  when  let  down  into  it),  take  an- 
other jar,  of  rather  smaller  size,  and  ])luce  at  the  bottom  of  it  a 
lighted  taper,  supported  by  a  stand:  then  j)our  the  contents  of  the 
firsl-nientioned  jar  into  the  second,  as  if  you  were  pouring  water. 
The  candle  will  be  instantly  extinguished,  as  eflectually  as  if  it  had 
been  immersed  in  water. 

It  is  owing  to  its  sui)erior  gravity  that  carbonic  acid  gas  is  often 
Vol.  I.  Q  q 
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round  at  Uic  boltotn  of  grottoes,  of  deep  well*,  ami  of  minci,  ibe 
upper  pnrt  of  which  Is  entirely  free  from  it-  Hencv  tbc  prvcABttoa, 
used  by  the  BtDkcri  of  wells,  of  lulling  Jowb  tt  candle  before  ihej 
venture  to  de»rend  in  person. 

Mnorption  by  uaier. — Fill  partly  a  jar  with  this  gus,  and  let  ix 
stand  inverted  a  few  hours  over  water.  ,\n  abiiorplion  will  |;Twla- 
ully  KO  on,  till  at  last  none  will  remain.  This  absorption  u  iufinitely 
ijuickerwhcn  agitation  is  uaed.  Repeat  the  above  cs  peri  men  t,  wilL 
this  (liffcrenei:,  that  the  jar  must  be  shaken  strongly.  A  very  rapid 
diminuilon  will  now  take  place.  In  ibis  manner  watermay  be  cbar^ 
ed,  under  common  atmospheric  pressure,  with  rather  more  than  iu 
own  bulk  of  carbonic  acid  gas;  and  acquires  when  thus  satuntcdt 
a  very  brisk  and  nieaaant  taste.  This  impi^snatlon  is  most  conv 
modiously  eflTcciea  on  a  small  scale,  by  an  ^iiifiaratus,  6ol<I  bi  ibc 
glass  shops,  undyr  the  nutiic  of  Nooih  s  macninc 

The  innuenee  nf  increased  pressure,  in  causing  water  to  abaorb 
u  large  <]uantity  of  carbonic  acid,  may  be  jllutlrated  by  an  appsr*- 
tuf,  which  1  have  dexrribed  in  the  Philoiophical  Tranaacilon  fur 
1803,  but  which  cannot  be  underatoud  without  llic  engraving  that 
occampanies  It.  I'rom  an  extenaiv*?  scries  of  expcrimcnis  with  this 
apparatus,  I  have  deduced,  as  a  general  law,  fAo/  maler  taka  up  the 
tame  volume  of  comprcased  carbonic  acid  gai,  la  of  got  under  itrdl- 
nary  prrsmre.  Aud  since  the  spaet  occupied  by  any  gas  is  inversely 
as  the  compressing  rorc6,  it  follows  thtU  the  qtumlilj/  (f  gta,  farttd 
into  voattT,  ia  dircci/y  m  the  presture.  Thus,  if  water  nnitcr  common 
circumstances  takes  up  an  equal  bulk  of  carbotiic  acid,  under  ibe 
pressure  of  two  atmospheres  it  will  absorb  twice  Its  bulk;  under 
Three  atmospheres  three  times  its  bulk,  and  so  on. 

From  water,  thus  impregnated,  carbonic  acid  is  again  set  at 
liberiy  on  boijlng  the  waier,or  by  exposing  it  under  the  receiver  of 
an  air-pump.  During  exhausiiou,  the  gas  will  escape  so  rapidly, 
as  to  present  the  appearance  of  ebullition;  and  will  be  much  more 
remarkable  than  the  discharge  of  air  from  a.  jarful  of  common 
spring  water,  confined  at  the  same  time  under  ihe  receiver,  as  a 
Standard  of  comparison.  The  gas  slowly,  but  almost  entirely,  es- 
capes from  water  which,  after  being  impregnated  with  it,  is  expos- 
ed with  a  broad  surface  to  ihe  atmosphere.  If  the  impregnated 
water  be  rapidly  congealed,  by  surrounding  it  with  a  mixture  of 
snow  and  sail,  the  frozen  water  has  more  the  app^vance  of  snow 
than  of  ice,  its  bulk  being  prodigiously  increased  by  the  disengage- 
ment of  an  immense  number  of  aii^bubblcs.  When  water,  ihus 
congealed,  is  liquefied  again,  it  is  found,  by  its  taste  and  other  pro- 
perties, to  have  lost  nearly  the  whole  of  its  carbonic  acid. 

Addily  of  Ihe  gas. — This  may  be  shown  by  dipping  into  water, 
impregnated  with  it,  a  bit  of  litmus  paper,  or  by  mixing  with  a 
portion  of  the  liquid  about  an  ecpiat  bulk  of  the  infusion  of  litmus. 
This  fact  establishes  the  title  of  the  gas  to  be  ranked  among  acid& 
When  an  infusion  of  litmus,  which  has  been  thus  reddened,  is  either 
heated  or  exposed  to  the  air,'iis  blue  colour  is  restored,  in  conse- 
tjuence  of  the  escape  of  the  carbonic  acid.  This  is  a  marked  ground 
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of  distinction  from  most  otlier  acids,  the  effect  of  which  is  perma- 
nent, even  after  boiling^. 

Jiciion  of  the  gas  on  lime  water, — Pass  the  gas,  as  it  proceeds 
from  the  materials,  through  a  portion  of  lime  water ;  this,  though 
perfectly  transparent  before,  will  instantly  grow  milky.  Or,  mix 
equal  measures  of  water  saturated  with  carbonic  acid  and  lime 
water ;  the  same  precipitation  will  ensue.  By  means  of  lime  water, 
the  whole  of  any  quantity  of  carbonic  acid  existing  in  a  mixture  of 
gases  cannot,  however,  be  removed,  as  Saussurc,  jun.  has  shown ; 
but  recourse  must  be  had,  in  order  to  effect  its  entire  absorption, 
to  a  solution  of  caustic  potassa  or  soda. 

The  precipitation  of  lime  water  is  the  best  test  of  the  formation 
of  carbonic  acid  in  several  cases  of  combustion.  1.  Let  the  chim- 
ney of  a  small  portable  furnace,  in  which  charcoal  is  burning,  ter- 
minate, at  a  distance  sufficiently  remote  to  allow  of  its  being  kept 
cool,  in  the  bottom  of  a  barrel  provided  with  a  moveable  top,  or  of 
a  large  glass  vessel  having  two  openings.  A  small  jar  of  lime  water 
being  let  down  into  the  tub  or  vessel,  and  agitated,  the  lime  water 
will  immediately  become  milky.  The  gas  will  also  extinguish 
burning  bodies,  and  prove  fatal  to  animals  that  are  confined  in  it. 
Hence  the  danger  of  exposure  to  the  fumes  of  charcoal,  which,  in 
several  instances,  have  been  known  to  be  fatal :  these  fumes  consist 
of  a  mixture  of  carbonic  acid  and  nitrogen  gases,  with  a  very  small 
proportion  of  oxygen  gas.  2.  Fill  the  pneumato-chcmical  trough 
with  lime  water,  and  burn  a  candle,  in  a  jar  filled  with  atmospheric 
air,  over  the  lime  water,  till  the  flame  is  extinguished.  On  agitat- 
ing the  jar  the  lime  water  will  become  milky.  The  same  appear- 
ances will  take  place,  more  speedily  and  remarkably,  if  oxygen  gas 
be  substituted  for  common  air.  The  carbonic  acid,  thus  formed 
during  combustion,  by  its  admixtui^e  with  the  residuary  air,  renders 
it  more  unfit  for  supporting  flame  than  it  otherwise  would  be  from 
the  mere  loss  of  oxygen.  Hence,  if  a  candle  be  burnt  in  oxygen 
gas,  it  is  extinguished  long  before  the  oxygen  is  totally  absorbed, 
because  the  admixture  of  carbonic  acid  with  oxygen  gas,  in  con- 
siderable proportion,  unfits  it  for  supporting  combustion.  When- 
ever any  substance,  by  combustion  in  oxygen  eas  or  common  air 
over  lime  water,  gives  a  precipitate,  soluble  with  effervescence  in 
muriatic  acid,  wc  may  confidently  infer  that  it  contains  carbon. 

The  production  of  carbonic  acid,  by  i*espiration,  may  be  exhibit- 
ed, also,  by  blowing  the  air  from  the  lungs,  with  the  aid  of  a  quill, 
through  lime  water,  which  will  immediately  grow  milky.  The 
carbonic  acid,  thus  added  to  a  confined  portion  of  air,  unfits  it  for 
supporting  life,  not  merely  by  diminishmg  the  proportion  of  oxy- 
gen gas,  but  apparently  by  exerting  a  positively  noxious  effect. 
Hence  a  given  quantity  of  air  will  support  an  animal  much  longer, 
when  the  carbonic  acid  is  removed  as  fast  as  it  is  formed,  than 
when  suffered  to  remain  in  a  state  of  mixture.  It  has  been  found 
that  an  atmosphere,  consisting  of  oxygen  gas  and  carbonic  acid,  is 
fatal  to  animals,  though  it  should  contain  a  larger  proportion  of 
oxygen  than  the  air  wc  commonly  breathe. 

Cwrbonic  acid  is  a  constant  ingredient  of  attnotpheric  air. — Its  pre- 
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ftunce  is  demons tralcd  by  living  a  shallow  vessel  of  Utnc  witcr  rtr 
pooL-d  Id  the  sitmmiphrri:;  for  Us  surracv  La  suon  covered  with  « 
solid  pellicle,  which,  when  reniovrd,  it,  succrcdrd  by  annilicr,  ud 
so  on.  lill  the  water  is  deprived  of  almoil  all  tW  lime  whicU  ti  held 
in  solulion.  From  ihc  iiriicipitDU^  thui  romied,  carbonic  acid  U 
disvDKitgrd  liy  diluie  acid*.  It  hiis  beeu  discovered  iiol  uiily  in  air 
atordinury  heightti.  but  was  asceruiiied  by  Saussure  io<xi>l  to 
tW  Blmosphero  on  llic  summit  of  Mont  Hlanc,  nearly  lii,000  fc«t 
above  thclovclof  ibcica,  ^idwyafuutid  by  Humboldt  lii  air  brought 
down  by  (lumct'in  from  the  hcif^ht  ut  several  tliutitaiul  feel,  to 
which  he  had  uNcended  in  an  aic  balloon.  (Jour,  de  I'hys-  xUii- 
fi02.}  In  air,  bowevci-,  taken  at  «eai  al  the  ditlancc  of  two  Iragurt 
frum  Dieppe,  Vogcl  found  *o  little  carbouic  acid,  that  It  scu-ccly 
affected  the  trnntparcncy  of  the  watery  iiulutiun  of  baryta,  though, 
when  the  cxpci-imeut  was  repeated  on  shore,  the  sanie  solution  be- 
came cilrcmely  turbid.  (Ann.  of  I'hil-  N-  S.  vi.  7S.) 

Tlie  pro|>ortion  of  carbonic  acid  in  aimospberic  air  is  estimated 
by  Mr.  Dalton  not  to  exceed  y^  or  ^A,  of  its  bulk.    Sausiure, 

f'  un.  examined  iti  proportion  in  the  air  of  au  open  field,  a  few  mik» 
rum  Geneva.  (Ann.  de  CKim.  et  I'hys.  ii.  1£l,  iii.  170,  and  uxnij. 
41^)  In  January,  the  mean  of  three  cxperime.nta  showed  4.*!) 
parts  in  10,000;  in  July  and  .August,  7.  IS  parts  in  the  same  tolunur, 
which  is  considerably  short  of  the  propurliun  detcrmtni^d  by  Mr. 
Dftlton.  The  difference  between  the  quantities  discovered  tn  Mim- 
m«r  and  wintei',  tlitm^jh  on  first  view  very  Kmall,  vu.  ii^  voJutnca 
in  ten  ihoiisaiid.  "■■nli!  iLunsuniii-  so  l;ir>;f  a  i|iiji>lily,  when  the 
whole  atmosphere  is  taken  into  the  account,  that  the  fact  can 
scarcely  be  considered  as  determined  without  repeated  and  careful 
experiments.  Recently,  however,  Saussure  has  again  made  experi- 
nenls  on  this  subject  He  finds  the  mean  proportion  of  carbonic 
acid  in  the  air  of  a  valley,  about  three-fourths  of  a  league  from 
Geneva,  to  be  4.9  parts  in  10.000.  It  is  greater  in  the  three  winter, 
than  in  the  three  summer  months,  in  the  proportion  of  100  to  77. 
The  proportion  in  August,  taken  on  a  mean  of  several  years,  is  d.G8; 
but,  m  a  cold  wet  season,  observation  in  the  middle  of  the  day  gave 
only  4.45.  It  is  a  little  le^a  in  air  over  the  surface  of  the  lake,  and 
inUie  town  of  Geneva  exceeded  that  found  in  air  from  tltc  country. 
No  differences,  Saui&ure  adds,  have  as  yet  been  discovered  by  him 
in  the  proportion  of  atmospheric  oxygen.  (Add,  de  Cb.  et  Phys. 
Aug.  IKaS.) 

Carbonic  add  relanU  the  puit^aetion  of  aaijnal  »tib»taneei. — This 
may  be  proved  by  suspending  two  equal  pieces  of  llesb  meat,  the 
one  in  common  air,  the  other  in  carbonic  acid  gas,  or  in  a  small 
vessel  through  which  a  stream  of  carbonic  acid  is  constantly  paaa- 
iog.  The  latter  will  be  preserved  untainted,  some  time  after  tbc 
other  has  begun  to  putrefy. 

Carbonic  ticid  gwi  exerts  powerful  ffftcU  on  living  vtgtiabUi. — 
These  effects,  however,  vary  according  to  tlie  mode  of  Us  applica- 
tion. Water,  saturated  with  this  gas,  proves  highly  nutritious  to 
plants,  when  applied  to  their  roots.  The  carbonic  acid  Is  decom- 
posed, its  carlton  forming  a  component  part  of  the  vegeubte,  and 
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its  oxygen  being  liberated  in  a  gaseous  form.  On  the  contrary, 
carbonic  acid^  when  a  living  vegetable  is  confined  in  the  undiluted 
gas  over  water,  is  injurious  to  the  health  of  the  plant,  especially 
in  the  shade.  The  late  Mr.  Henry*  however,  long  ago,  found  that 
a  certain  quantity  of  fixed  air«  applied  as  an  atmosphere,  is  favour- 
able to  vegetation;  and  M.  Saussure,  of  Geneva,  has  determined^ 
more  recently,  that  the  mixture  of  more  than  }  of  carbonic  acid 
with  common  air  is  always  injurious,  but  that,  in  this  proportion, 
it  promotes  the  growth  of" plants,  and  is  manifestly  decomposed. 
It  IS  this.process  of  nature  that  appears  to  be  the  principal  means 
of  preventing  an  .excess  of  carbonic  acid  in  the  general  mass  of  the 
atmosphere,  which,  without  some  provision  of  this  kind,  must 
gradually,  in  the  course  of  ages,  be  rendered  less  and  less  fit  for 
respiration. 

Gaseous  Oxide  of  Carbon,  or  Carbonic  Oxide, 

This  gas  appears  to  have  been  first  obtained  by  Dr.  Priestley,  by 
the  distillation  of  charcoal  with  oxide  of  zinc  ;  but  he  was  not  aware 
of  its  composition,  which  was  first  pointed  out  by  the  late  Mr. 
Cruickshank,  of  Woolwich,  (Nicholson's  Journal,  4to.  vol.  5,)  and 
afterwards  more  particularly  by  Clement  and  Dt'sormes.  (Ann.  de 
Ch.  xxxix.  2G.)  The  Dutch  Society  of  Chemists  objected  to  its 
being  regarded  as  a  distinct  species,  and  considered  it  only  as  a 
variety  of  carbureted  hydroi^en,  (2  Ann.  de  Ch.  xliii.)  But  these 
objections  were  not  entitled  to  any  weight,  and  have  been  complete- 
ly set  aside  by  subsequent  investigations. 

It  may  be  procured  by  any  of  the  following  processes : 

1.  By  the  distillation  of  the  white  oxide  of  zinc  with  one  eighth 
of  its  weight  of  charcoal,  in  an  earthen  or  glass  retort;  from  the 
scales  which  fly  from  iron  in  forging,  mixed  with  a  similar  pro- 
portion of  charcoal ;  from  the  oxides  of  lead,  manganese,  or,  indeed, 
of  almost  every  imperfect  metal,  when  heated  in  contact  with  pow- 
dered charcoal.  It  may  also  be  obtained  from  the  substance  which 
remains  after  preparing  acetic  acid  from  bin-acetate  of  copper. 

2.  From  well  dried  carbonate  of  baryta  or  of  lime  (common 
chalk),  distilled  with  about  one-fifth  of  charcoal,  or  with  rather  a 
larger  proportion  of  dry  iron  or  zinc  filings,  which  aflbrd  it  quite 
free  from  hydrogen. 

3.  By  transmitting  carl)onic  acid  gas  over  charcoal  ignited  in  a 
porcelain  tube,  the  acid  gas  combines  with  an  additional  dose  of 
charcoal ;  loses  its  acid  pro])erties ;  and  is  converted  into  a  double 
volume  of  carbonic  oxide.  .-\n  ini;enious  apparatus,  contrived  by 
M.  Baruel,  and  extremely  useful  for  this  and  similar  purposes,  is 
described  and  represented  by  a  plate,  in  the  Uth  volume  ol  Nichol- 
son's Journal. 

4.  A  process  has  been  proposed  by  Dumas,  (Ann.  de  Ch.  et  dc 
Phys.  xxxiii.  liO,)  which  I  find  very  convenient  for  the  extempo- 
raneous formation  of  this  gas.  It  consists  in  mixing  salt  of  sorrel 
with  five  or  six  times  its  weight  of  concentrated  sulphuric  acid, 
and  heating  the  mixture  in  a  gas  I>ottle.    The  evolved  gas,  after 
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rf^movint;  the  carbonic  acid  hy  liquid  potassa,  U  l>iire  OllKMilc 
oxidi:.  This  Tftiahing  with  potaasa  i»,  indeed,  Becnnrf,  IVnm 
wKalever  source  llio  Kits  may  h:ive  been  obtBin^cl. 
The  properties  or  carbonic  oxjile  graa  an-  ai  follow: 
It  has  an  (iffcnsivc  smell.  It  is  lighter  than  common  «Ir  In  tbe 
proportion  of  H.'Mii  according  to  Thomson,  or  n.9"2r  iccordinr 
to  B«ntelius  »nd  Dutong.  One  hundred  cubical  inches  weigh  30 
grains,  the  temperature  being  55"  Fahrenheit,  and  pfesaure  39.5 
(Cruickshank);  or  at  temperature  60",  and  barometer  SO,  lOO  cu- 
bic inches  weiifh  30.19  grain*. 

It  is  innammable,  and,  when  set  lire  lO|  as  il  issuci  from  tbc 
orHice  of  a  small  pipe,  bums  with  a  feeble  blue  flame.     The  icm* 

Eeralure  of  an  iroli  wire,  heated  to  dull  redness,  was  found  by  Sir 
[.  Diivy  sufficient  to  kintlle  it.  When  mixed  wiih  comnioa  »lf, 
It'  docs  not  explode  like  other  intlammahic  Rasies,  iinlcss  in  very 
few  proportionH,  but  burns  silently  with  a  tambeni  blue  flanur. 
(IHIton's  System,  p.  373.)  A  miiiure  of  two  measures  with  otic 
measure  of  common  air  may,  however,  be  exploded  by  a  iigfatcd 
taper,  or  even  by  red-hot  iron  or  charr.onl. 

When  a  mixture  of  carbonic  oside  with  more  than  half  tti  to* 
lume  of  oxygen  gas  is  exposed  over  mercury,  in  contact  witli  ipoii- 
gr  platinum,  to  a  temperature  between  300°  and  310°  Fahr.,  it  be- 
gins to  be  converted  into  carbonic  acid,  and  at  a  heat  a  few  dcrree* 
higher,  is  wholly  acidified  in  the  course  of  a  few  minutes.  Mix- 
lures  of  these  two  ga^^es  are.  however,  very  slowly  acted  upon  by 
the  ptaiinum  spoiiyc  at  common  Icnipcraliii'^s. 

When  carbonic  oxide  is  added,  in  an  equal  volume,  to  a  mix- 
ture of  hydrogen  and  oxygen  gases  in  explosive  proportions,  it 
prevents  spongy  platinum  from  causing  detonation, but  the  agency 
-of  the  gases  on  each  other  goes  on  slowly,  and  both  water  and  car- 
bonic acid  arc  formed.  Into  a  mixtnre  of  carbonic  oxide,  with  a 
larger  proportion  of  the  explosive  mixture,  the  platinum  sponge 
.  cannot  be  inti-oduced  without  causing  detonation.  (Phil,  leans. 
1824,  p.  271.) 

When  a  stream  of  well  dried  carbonic  oxide  is  burnt,  in  the 
manner  described  in  speaking  of  hydrogen  gas,  no  water  is  con- 
densed on  the  inner  surface  of  the  glass  globe,  a  proof  that  the 
gaseous  oxide  contains  no  hydrogen. 

It  is  sparingly  absorbed  by  water;  is  not  absorbed  by  liqwd 
caustic  alkalies;  nor  does  it  precipitaie  lime  water. 

It  is  extremely  noxious  to  animals;  and  fatal  to  them  if  confined 
in  it.  When  respired  for  a  few  minutes,  it  produces  giddiness  and 
fainting.     (Phil.  Mag.  xliii.  367.) 

When  100  measures  of  carbonic  oxide  are  fired  over  mercury  in 
a  detonating  tube,  with  30  of  oxygen  gas,  the  total  150  are  ditnin- 
"  ishcd  to  100,  ivhich,  if  the  gases  employed  be  pure,  consist  entirely 
J  of  carbonic  acid. 

If:    It  is  not  expanded  by  electric  shocks,  nor  does  il  undergo  anj 
'     change  by  electrization,  however  long  continued. 

When  carbonic  oxide,  mingled  with  an  equal  bulk  of  hydrogen 
gaa,  is  passed  through  <ui  ignited  tube,  the  tube  becomes  lined 
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with  charcoal.  In  this  ichipcraliire,  the  hydrogen  attracts  oxygen 
more  strongly  than  it  is  retained  by  the  charcoal,  and  >vater  is 
fomicd.  It  was  found,  also,  by  C^ay  Lussac«  to  be  decomposed  by 
the  action  of  potassium,  which  combines  with  the  oxygen,  and 
precipitates  charcoal ;  and  Dobcreiner,  hy  bringing  it  into  contact 
with  sulphurcted  oxide  of  platinum,  converted  it  into  half  its  vo- 
lume of  carbonic  acid. 

Composition. — Gay  Lussac  deduced  carbonic  oxide  to  consist  of 
43  charcoal  and  57  oxygen  ;  Berzelius  of  44.128  charcoal  and  55.72 
oxygen,  proportions  which  agree,  within  a  small  fraction,  with 
those  of  Clement  and  Desormes.  There  cannot  now  be  any  doubt 
that  it  is  composed  of  G  by  weight  (=1  atom)  of  carbon  +  8  (=  1 
atom)  of  oxygen.  It  contains,  therefore,  just  half  the  oxygen  pre- 
sent in  carbonic  acid.  It  may  be  viewed  as  constituted  of  half  a 
volume  of  oxygen  and  1  volume  of  gaseous  carbon,  condensed  into 
1  volume.  Its  specific  gravity  should,  therefore,  be  found  by  add- 
ing half  the  sp.  gr.  of  oxygen  to  the  sp.  gr.  of  gaseous  carbon, 
viz.  0.4166  -f-  0.5555  =  0.9722. 

Art.  2.— Car6o?i  trith  Chlorine. 

Several  attempts  have  been  made  to  effect  the  combination  of 
chlorine  with  carbon,  by  igniting  charcoal  in  chlorine  gas;  but, 
though  unsuccessful,  there  appeared  to  be  no  reason  for  inferring 
a  want  of  aiRnity  between  those  two  elements,  which  it  seemed  rea- 
sonable to  conclude  from  other  phenomena,  might  be  rendered  ef- 
ficient, by  bringing  the  two  bodies  into  contact,  in  a  state  favoura- 
ble to  their  union.  The  most  probable  method  seemed  to  be  to  em- 
ploy some  compound,  in  which  carbon  exists  in  a  minute  state  of 
division,  and  yet  not  of  such  intimate  combination,  as  to  preclude 
its  union  with  chlorine.  Mr.  Faraday,  therefore,  to  whom  we  arc 
indebted  for  a  masterly  set  of  experiments  on  this  subject,  which 
ended  in  his  effecting  the  object  in  view,  employed  a  compound  of 
charcoal  and  hydrogen,  which  will  be  hereafter  des(.ribed  under 
the  Mame  of  olefiant  gas,  as  best  adapted  to  the  purj)ose.  At  pre- 
sent it  is  only  necessary  to  observe,  that  olefiant  gas  is  a  compound 
of  1  atom  of  carbon  with  1  atom  of  hydrogen;  that  when  mixed 
with  an  e<iual  volume  of  chlorine,  the  three  elements  all  unite,  and 
furiii  a  lifpiid  ternary  compound  of  chlorine,  carl)on,  and  hydro- 
gen;  and  that,  by  subjecting  this  triple  compound  to  the  repeated 
action  of  fresh  quantities  of  chlorine,  the  hydrogen  may  be  en- 
tirely abstracted,  and  a  compound  of  chlorine  and  carbon  pro- 
duced. 

To  prepare  this  substance,  a  retort  or  other  glass  vessel  of  the 
ra])acity  of  about  200  cubic  inches,  provided  with  a  brass  cap  and 
stop-cock,  is  first  to  be  exhausted  l)y  the  air  pump,  and  then  made 
to  communicate  with  a  jar  filled  with  chlorine.  It  is  ne\t  to  be 
screwed  on  a  vessel  full  of  olefiant  gas,  and  as  much  as  can  find  ad- 
mission having  entered,  the  cock  is  to  be  shut,  and  the  whole  left 
for  a  short  time.  When  the  fluid,  composed  of  chlorine  and  ole- 
fiant gases,  has  formed  and  condensed  on  the  sides  of  the  vessel, 
the  vessel  is  again  to  be  placed  over  olefiant  gas,  and  a  further  por- 
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tion  admitted.  This  process  is  to  be  repeated,  till  all  the  chlorine 
has  united  to  form  the  fluid,  and  the  vessel  remains  full  of  olvfiant 
gas.  Chlorine  is  then  to  be  admitted  by  repealed  portion s«  in  con- 
sequence of  which  more  of  the  fluid  is  formed,  and  ultimately  a 
Iarg;c  portion  is  obtainod,  with  an  atmosphere  of  chlorine  above  IL 
The  vessel  is  now  to  i)e  exposed  to  the  sun's  rays,  which  cause  the 
immediate  formation  of  muriatic  acid  gas.  This  may  be  absorbed 
by  admitting  a  small  portion  of  water;  and  then  another  atmo- 
sphere of  chlorine  is  to  be  introduced.  Again  exposed  to  the  light, 
this  will  partly  combine  with  the  carbon,  and  partly  form  muriatic 
acid  gas,  which  being,  as  before,  absorbed  by  water,  leaves  space 
for  more  chlorine.  Repeating  this  action,  the  fluid  gradually  be- 
comes thick  and  oparnie,  from  the  formation  of  crystals  in  it, 
which  at  last  adhere  to  the  sides  of  the  vessel  as  it  is  turned  round; 
and  ultimately  the  vessel  contains  only  chlorine,  with  the  accumu- 
lated impurities  of  the  gases;  a  strong  solution  of  muriatic  acid 
coloured  blue  by  its  action  on  the  brass;  and  the  solid  substance 
in  question. 

In  order  to  cleanse  the  substance,  the  remaining  gases  arc  first 
to  be  blown  out  of  the  vessel  by  a  pair  of  bellows,  and  the  vessel  is 
then  to  be  filled  with  water  to  wash  away  the  muriatic  acid  and 
other  soluble  matters.  The  new  substance  is  then  to  be  detached 
from  the  inside  of  the  vessel,  and  poured  with  the  water  into  a  jar. 
A  little  alcohol  will  remove  the  last  jiortions  which  adhere  to  the 
i;;lass,  aiul,  wln-n  ])niir('(!  into  the  watiT,  will  precipitate  the  new 
C():nj)oi!ti(K  wl-.i.'a  njiisl  !)i'  ((illeetcd  on  a  filler,  litul  ilriej  as  ii]iit.'h 
as  j)()ssi!)!»r  hy  pn'>-si:re  l);'t\\i'eii  {'jUK  of  l)iI)uloiiS  paper.  ll  ii::.*nI 
ne\l  !)»'  iuit'oduceil  iiilo  a  i^lass  iu!)e,aii(l  Hui)!inird  by  a  spirit  lamp. 
A  part  will  be  deeoinposed,  hut  Pie  suljlimed  portion  is  lu  he  dis- 
soht'd  in  alcohol,  and  ])oiired  iiUo  a  weak  solution  of  polassa,  by 
Avhich  the  new  sni)stance  is  thrown  down,  and  the  luuiiatie.  acid 
neutralized  and  se[)ai"aled.  Then  wash  away  tl\e  potas^a  and  mu- 
riate by  rej)eal<.'d  atVusions  of  waier,  unlil  the  suo^tioice  remain ^ 
pure;  eolleri  ii  on  a  fdler,  and  dry  il.  first  hy  pre>..sui-e  bi'tween 
folds  of  unsi/i'd  pa])er,  and  afterwaids  l)y  .^nlpli.irii  acid  un^ler  tii<- 
exhuusli'd  rt'iei\er  of  an  air  |)u:np.  ll  will  now  appear  a^  u  wlii'.e 
pulverwlenl  s:ihstanee;  and,  if  perfectly  puie,  will  not.  when  .i  li:- 
lle  is  suhlimed  in  a  tii!)e,  l«'a\e  ilie  •^li;;h;e^t  trace  of  i  ai  !)nn.  •»[■  ..f- 
ford  any  niiuiaiic  ;u  iil.  A  small  ])0!iion  dissoKed  va  eihir  slu-i.l  ' 
give  no  precipitate  with  nitrate  t)f  sihei*.  If  nut  tjuiii-  p«ire,  il 
must  be  re-suhlinicd,  washed,  and  drieil,  as  often  as  is  nei  e^s„rv. 

To  I'lis  (  «)nip'ji.nfl  Mr.  l\ir.\d.cy  li;!s  '.;i\e?i  the  name  i>\  jii  r-*  '.h- 
ri(!(  nf ,  tirliihi.  \\  le  ll  pure,  i'  i^.  iinuicdiatcdv  alter  lu«*ion.  a  t:.i'i'- 
parr:it  coli»i;il.  -v,  >ii  isi.-.ik  c,  h.iviii-;  s»  i-.ri  eiy  any  la^ie.  Its  i.C.-'r: 
is  ;;ii'!ni.:  :■  ,  ;  'id  ;  :;j)' (;..(  in -%  i;<.  t  i,f  c  -.iiipliM;-.  I  :^  sj)e.  ii.t  i^[\i\  i- 
tv  is  as  iiraiK  .;s  :.<«-siI):-.-  '.  j-,  j  •■iV..r  ii\  r  jj-i'-rii^  ij;!'.!.  f»i  iv.  - 
iilxAe  iliat  of  diht  :;Liss  L.^ft'T.  .  It  is  vtrr\  fria'ilc,  e.i.^il\  hrtas- 
in;.^  down  nn  jjre'-^tne,  and.,  wlirn  s:  L.tclied,  has  mu(  h  «;f  the  fe-  1 
atid  ajipiMi'aiice  tf  wi.ite  su:^..r.  It  «!  -es  i,ijT  <.oii(luct  tdccis  nitx .  I: 
is  I  !\  sicdIi/a.Me,  and  ibe  \  ai  ii  ti»  ^  «»!'  its  foim  result  fii'in  a  li.'lit 
rliond)ic  prism.      ^IJiuoLe  in  Ann.  of  I'hll.  N.  S.  \  ii.  .UM. 


SECT.   in.  CARBON.  31i> 

It  volatilizes  slowly  at  common  temperatures,  and,  like  cam- 
phor, passes  towards  the  li^ht.  At  320°  Fahr.  it  fuses,  and  !)oils 
at  S6()^.  When  condensed  from  these  rapid  sublimations,  it  is  in 
so  transparent  and  colourless  a  state,  that  it  is  difficult  to  perceive 
where  it  is  lodged. 

It  18  not  readily  combustible.  When  held  in  the  flame  of  a  spirit 
lamp,  it  bums  with  a  red  flame,  emitting  much  smoke  and  acid 
fumes;  but,  when  removed  from  the  lamp,  combustion  ceases.  In 
an  atmosphere  of  pure  oxyj^en,  it  bums  with  a  brilliant  light. 

It  is  very  sparinj^ly  sohil)lc  in  water,  cither  hot  or  cold,  but  dis- 
solves readily  in  alcohol,  especially  if  heated.  The  solution  is  de- 
composed when  poured  into  water,  and  gives  regular  crystals  on 
cooling  or  evaporation,  but  does  not,  with  nitrate  of  silver,  form 
the  chloride  of  that  metal.  Ether,  particularly  when  heated,  dis- 
solves it  even  more  readilv  than  alcohol.  It  is  soluble  also  in  vo- 
latile  oils,  and  in  fixed  oils,  but  the  latter  solutions  assume  a  char- 
red appearance  when  heated. 

It  is  not  changed  by  solutions  of  pure  alkalies,  even  when  appli- 
ed boiling  hot ;  nor  is  it  attacked  by  concentrated  and  heated  mu- 
riatic, nitric,  or  sulphuric  acids. 

When  transmitted  in  vapour  mixed  with  oxygen  gas  through  a 
red-hot  tube,  there  is  a  decomposition;  and  mixtures  of  chlorine, 
carbonic  acid,  carbonic  oxide,  and  chloro-carbonic  acid,  arc  evolv- 
ed. It  is  decomposed  also  by  pcr-oxide  of  mercury,  with  the  aid 
of  heat. 

Chlorine  has  no  action  on  it.  Iodine  either  unites  with  it,  or  at 
high  temperatures  takes  away  a  portion  of  chlorine.  Hydrogen 
gas,  when  transmitted  along  with  it  through  red-hot  tubes,  decom- 
poses it,  and  muriatic  acid  and  charcoal  are  produced. 

Sulphur,  at  moderate  temperatures,  unites  v.ith  it;  at  higher 
ones,  removes  one  portion  of  chlorine.  The  same  effect  is  profbic- 
ed  by  phosphorus.  Charcoal  is  (juite  inefi'icient  on  it.  Most  of  the 
metals  decompose  it  with  the  aid  of  heat,  rormiii;;:  chlorides,  and 
charcoal  being  liberated.  Per-o\ides  produce  willi  it,  at  a  high 
temperature,  chlorides  and  carbonic  acid ;  protoxides  aflbrd  chlo- 
rides and  carbonic  oxide. 

In  forming  this  substance,  Mr.  Faraday  believes  that  five  vo- 
lumes of  chlorine  gas  saturate  one  of  oU-fiant,  and  produce  four 
volumes  of  muriatic  acid  gas;  tliat  three  volumes  of  the  chlorine 
combine  with  the  two  volumes  of  charcoal  existing  in  the  olefiant 
gas  to  form  the  crystalline  solid;  and  that  when  chlorine  acts  on 
the  fluid  compound  of  chlorine  and  olefiant  gas,  for  every  volume 
of  chlorine  that  combines,  an  e<jual  volume  of  hydrogen  is  sepa- 
rated. The  results  of  its  analysis  by  pcr-oxide  of  copper  confirm 
these  views,  and  tend  to  establish  that  the  composition  of  per-chlo- 
ride  is 

3  atoms  of  chlorine         -  -         -  =108 

2    do.     of  carbon  -        -        -        -  =12 


Weight  of  its  atom         120 
Vol.  I.  R  r 


tABl.lC    llOUUCt- 


Prolo-t/Joriiif  of  Carbon. 


By  i>auinj*  thi:  vapour  of  pcr-chloridir  of  carbon  orcr  rnemeaU 
of  rncJi  crystal  i)r|iiu-d  in  a  i^Iass  tube,  the  upper  purl  uf  which  is 
hcnt  up  ami  rlowii  two  or  three  timcit,  no  that  the  &n);W  may  tarn 
rectirers  for  the  new  compound,  a  partial  decomposition  i»  eject- 
ed; one  [>orlion  of  chlorine  iaMparatcd,  and  escape*;  and  the  re- 
mtiindcr,  continuing  united  to  the  carbon,  forms  a  fluid  aubstuice, 
which  may  be  collecled  and  purilicd  by  repeated  distillationa-  This 
is  the  prolo-ehloiide  of  carbon. 

It  is  a  highly  limpid  and  perfectly  colourless  fluid;  it*  tprcHic 
^i^it]r  1!!  l.S.1^6i  it  is  a  non-conductor  of  electricity;  iu  refrac- 
tive  noweris  1.4875,  being  very  nearly  that  of  camphor.  It  U  n«t 
cvmuuktible,  except  when  held  in  the  flame  of  a  spirit  Ump,  and 
then  It  bums  with  a  bright  yellow  light,  much  smokc^  and  fumes 
of  n;«riattc  acid. 

It  does  not  become  solid  at  0°  Fahr.  When  its  tempeTUarc  is 
rafacd  under  the  surface  of  water  to  between  160°  and  ITW,  it  ia 
convcVtcl  Into  vapour,  and  remains  in  that  state,  till  the  tempera- 
te h  lowered.  When  its  vapour  is  passed  over  ignited  fragment* 
orrock  cryetal,  it  undergoes  a  partial  decomposition. 

It  is  not  miscible  with  water,  but  is  soluble  in  alcohol,  elher.and 
fixed  and  rolatile  oils.  Neither  alkaline  solutions  nor  sirouR  acids 
produce  any  effect  upon  it.  It  is  not  dcioT)i;M:-L  ■.!  :■:  -il'itions  of 
silver.     Osvgeii  g-as,  ut  high  temperatuti^i-.   f   :  :  .^rliotiir 

oxide,  and  chlorine  is  liberated.  Hydrogen,  under  the  same  cir- 
cuinetmces,  forms  muriatic  acid  with  its  chlorine,  and  charcoal 
appears.  The  metals,  at  high  degrees  of  heat,  absorb  the  chlorine, 
and  liberate  charcoal ;  oxides,  according  to  their  proportion  of  oxy* 
gen,  form  with  it  cither  carbonic  acid  or  carbonic  oxide. 

By  an^ysis,  effected  by  per-oxide  of  copper,  it  ia  shown  to  be 
constituted  of 

1  atom  of  chlorine 36 

1     do.    of  carbon 6 

Weight  of  its  atom         42 

Sub-chloride  of  Carhon. 

A  third  compouad  of  chlorine  and  carbon  was  brought  ovrr 
from  Sweden  by  M.  Julin  of  .\Ihi,  where  it  had  been  accidentally 
formed  during  the  distillation  of  nitric  acid  from  crude  nitre  and 
aulphatc  of  iron.  The  quantity  produced  at  each  procesa  did  not 
exceed  a  few  grains,  which  condensed  in  fine  white  feathery  cry>- 
t&ls  in  a  glass  tube  connecting  the  Rrst  and  second  receiver.     lis 

riperties  arc  described  by  M.  Julin  as  fallows:  (Ann  of  FhiL  N. 
i.  216.) 

It  is  white;  consists irT^inall  soft  adhcsire fibres ;  unks.sjovlr 
in  water ;  is  insoluble  in  it  whether  hdt  or  coUi  is  taM<^csf ;  Iim  a 
peculiar  smell,  somewhat  ii  m  mtiiiim  iijiii|H|ijilh  liiiiil  fciiliil  ■jWw 


ri^: 


i 
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by  concentrated  and  boiling;  acids  or  alkalies,  except  that  some  of 
them  dissolve  a  small  portion  of  sulphur;  dissolves  in  hot  oil  of 
turpentine,  and  in  alcohol,  but  most  of  it  crystallizes  in  needles  on 
cooling;  bums  in  the  flame  of  a  lamp  with  a  greenish  blue  flame, 
and  a  slight  smell  of  chlorine;  when  heated  melts,  boils,  and  sub* 
limes  between  350°  and  450°  Fahr.,  or  sublimes  slowly  at  a  heat 
of  250°,  forming  long  needles.  Potassium  burns  with  a  vivid  flame 
in  its  vapour,  and  charcoal  is  deposited ;  and  a  solution  of  the  resi- 
duuin  in  nitric  acid  gives  a  copious  precipitate  with  nitrate  of  sil- 
ver. 

A  small  quantity  of  this  substance,  having  been  put  into  the 
hands  of  Messrs.  R.  Phillips  and  Faraday,  has  been  made  by  them 
the  subject  of  analysis.  They  found  that  it  might  readily  be  puri- 
fied from  sulphur  by  boiling  in  liquid  potassa,  washing  in  water, 
drying,  and  subliming,  when  it  formed  beautiful  acicular  crystals, 
in  the  form  of  four-sided  prisms. 

It  was  decomposed  into  chlorine  and  charcoal  by  being  passed 
over  red-hot  fragments  of  rock  crystal.  Its  vapour  being  detonated 
over  mercury  with  excess  of  oxygen,  gave  carl>onic  acid  gas  and 
chloride  of  mercury.  When  heated  with  phosphorus,  iron,  or  tin, 
chlorides  of  those  substances  were  formed,  and  charcoal  deposited. 
Its  analysis  was  eflected  in  two  ways ;  by  being  transmitted  over 
ignited  per-oxide  of  copper,  and  over  dry  quicklime.  Both  pro- 
cesses gave  results  which  conspired  to  show  that  it  is  constituted 
of 

•  1  atom  of  chlorine S6 

*2  atoms  of  carbon 12 


Weight  of  its  atom    -     -     4K 

Messrs.  Phillips  and  Faraday  have  not  given  any  name  to  this 
compound.  It  may  be  called,  provisionally,  the  sub-chloride  of 
carbon. 

Thus  we  have  three  distinct  compounds  of  chlorine  and  carbon, 
fir. 


At.  of  Chtor. 

Ai.  uf  CniU. 

The  per-chloridc     -     -     3 

-r 

The  prolo-chloride      -     1 

+ 

.  1 

The  sub-chloride    -     -     1 

+ 

2 

It  is  probat)le  that  another  chloride  of  carbon  will  hereafter  he 
found,  consisting  of  two  atoms  of  chlorine  and  one  of  carbon. 

Art.  3,— (Virfton  with  Chlorine  and  Oxygfn.'-^Chloro-Cajbonic 

When  equal  volumes  of  chlorine  and  carbonic  oxide  gases,  both 
previously  dried  by  fused  chloride  of  calcium,  are  introduced  into 
a  flask  which  has  been  exhausted  of  air,  and  are  then  exposed  for 
a  quarter  of  an  hour  to  bright  sunshine,  combination  takes  place, 
the  colour  of  the  chlorine  disappears,  and  the  gases  are  condensed 
into  half  their  united  volumes.     Hence  the  specific  gravity  of  the 
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new  gu  must  be  eqnnl  lo  thu  Kpccitic  Ri'aviiy  of  chlaritM:  ('*•*)  + 
thnr  of  cirlioific  rtxide  ((kSraa)  =  3.4:22,  uixl  100  rubir  inchro 
muxt.mttgU  i03,9  grain*.  Bciiij;  prwtlueed  bj  the  BBciicy  of  light, 
h  wafr  called  by  Dr.  Davf  phoggme  gas,  but  a»  h  exhibit*  diktinct* 
Ijr  Kid  pilfljertics,  it  ha»  since  been  better  lormcd  cA/vrv-caridRfa 
orfrf.  It  is  cotwitulcd  (>r  an  ntrnn  of  carbon,  an  atgrn  or  uxjrBeft, 
and  Bn^itotn  of  clilurtue,  or  of  dii  alum  of  carbunic  oxide  tin  n 
alotii  of  cblorine.     !t«  equivaUJh,  thcrcfoit,  ti  H  +  SG  ^  SOl 

Cliloru -carbonic  acid  liai  an  intolerably  pun^^cni  udour,  and  ck- 
cilc9«i  copious  flow  oP  tears.  It  reddens  litmim  paper.  By  coauct 
«  with  vater,  it  ia  rJianKed  Into  muriatic  and  C4 rl ionic  iicid  gB*es. 
It  conile'h.ie'i  four  timi;B  its  volume  uf  ammonincal  gHA,  and  the  pro- 
duct is  a  white  neutral  laitt  from  which  the  more  powerfHl  acid* 
diseiiga^  mbriatic  and  carbonic  acids,  but  acetic  acid  diwolm  li 
without  xflervescence.  Several  of  the  metab  decotnpow:  il,  and 
unite  with  the  chlorine,  evolvtnf^  carbotiic  oxide  efjuirakot  in  ro- 
lutuc  to  the  orticiiuil  gas. 

ChlorO- carbonic  gSs  alTordii  thru  an  example  of  an  acid  wtib  a 
■impie  baitev  and  two  aridifying  principles,  osyi^en  and  chlorikc, 
wtiiciv  «rc  not  often  united  in  the  performance  of  this  fnitcitH. 

Ailt.  4. — QirOoii  Willi  lodiue. 

'^TitMrii^tiiK  9^  tlcoiolie  MlutioD*  of  iodue  wad  of  p«n  Mil* 

Afhich,  ftcc^rdint^  to  Serullas,  afTords  iodate  of  soda,  iodide  of  so- 
dium, and  bydrioilide  of  carbon,  was  found  by  Mitsch^rlich  to  give 
rise  to  a  true  comlinutiion  of  iodine  and  carbon.  At  the  monn-nt 
of  admixtnw,  the  iiidine  uTiiles  with  the  sodium,  and  the  oxygen 
becoming  free,  unites  with  the  hydrogen  of  the  alcohol  and  fortiiii 
water,  while  the  carbon  of  the  alcohol  (a  fluid  which  consists  of 
water  +  olefiant  gas)  composes,  with  another  portion  of  iodiuc, 
iodide  of  carbon.  Of  this  compound  there  arc  two  varieties,  which 
Mitscherlich  has  promised  to  describe  more  fully  hereafter.  (.\Dn. 
de  Ch.  ct  dc  Ph.  xxsvii.  85.) 


V  SF.CTION  IV. 

floron. 

Boron  was  first  obtained  by  Sir  H.  Ua\7  in  1808  by  the  action  of 
Voltaic  electricity  on  boracic  acid.  When  that  acid,  slightly  iDOtM- 
ened  with  water,  was  exposed  between  two  surfaces  of  piatinura  to 
a  battery  of  500  ptirs  of  plates,  an  olive  brown  matter  began  imme- 
diately to  appear  on  the  negative  surface,  and  gradually  increased  ia 
quantity.  This  substance  was  found  not  to  be  acted  on  by  water,  but 
to  dissolve  with  efierveacence  in  warm  nitric  acid.  When  heated  to 
redness  on  platinum,  it  burned  slowly,  and  boracic  acid  was  rege- 
nerated.   Hence  the  name  of  froron  has  been  apolied  to  it. 

Th«  same  substance  was  afterwards  obtitaea  moK  mbundutly 
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by  Gay  Lussac  and  Thcnard,  by  the  action  of  potassium.  Equal 
parts  of  potassium  and  very  pure  vitreous  borac'ic  acid  arc  put  into 
a  copper  tube*  which  is  (gradually  heated  to  redness.  At  the  tem- 
perature of  302^  Fahr.  the  mixture  becomes  suddenly  red,  and  the 
potassium  disappears  by  acting  on  the  boracic  acid.  By  washing  the 
residuum  with  warm  water,  a  greenish  brown  or  olive  subsiance  Is 
obtained,  very  friable,  free  from  taste  or  smell,  and  of  greater  spe- 
cific gravity  than  water.  This  is  the  base  or  radical  of  boracic  acid. 
According  to  Berzelius,  boron  is  obtained  at  the  least  expense  of 
potassium,  by  heating  that  metal  with  iluoborate  of  potassa.  (Quart. 
Journ.  xviii.  390.)  Doebereiner  has  procured  it,  though  contami- 
nated with  much  carbonaceous  matter,  by  heating  fused  borate  of 
soda,  powdered  and  mixed  with  lamp-black,  during  two  hours,  at 
an  intense  heat. 

Boron  is  insoluble  in  water,  and  does  not  change  vegetable  blue 
colours.  Mixed  with  chlorate  or  nitrate  of  potassa,  and  projected 
into  a  red-hot  crucible,  it  burns  vividly,  and  boracic  acid  is  repro- 
duced. In  close  vessels  it  may  be  exposed  to  a  strong  heat,  with- 
out undergoing  any  change  except  an  increase  of  density,  for  it 
now  sinks  in  sulphuric  acid  of  sp.  gr.  1.84-4.  It  is  a  non-conductor 
of  electricitv.  The  density  of  its  vapour  is  calculated  by  Dumas 
to  be  0.7487.    (33  Ann.  de  Chim.  et  Ph.  31)1.) 

When  heated  to  GiH)^  Fahr.  in  the  open  air,  it  burns  vividly,  ab- 
sorbs oxygen,  and  affords  boracic  acid;  t}ut  the  coating,  which  it 
acquires  of  that  acid,  soon  stops  the  combustion.  The  quantity  of 
oxygen  absorbed  by  a  given  weight  of  l)oron  has  been  investigated 
by  (iay  Lussac  and  Thenard,  and  by  Sir  II.  Davy;  but  their  results 
difl'er  viidely  from  each  other,  the  former  making  the  oxygen  only 
one-third  the  weight  of  the  boron;  and  the  latter,  on  a  mean  of  two 
experiments,  (the  one  by  the  combustion  of  boron  in  oxygen,  the 
other  by  the  action  of  potassium  on  boracic  acid.)  having  determiu« 
ed  that  one  of  boron  unites  with  more  than  two  of  oxygen.  Berze- 
lius,  from  the  combustion  of  boron,  deduces  the  composition  of 
boracic  acid  to  be  one  of  boron  by  weight  to  two  of  oxygen.  From 
a  re\iew  of  ihe  experiments  of  others,  and  from  his  own  researches 
into  some  of  the  compounds  of  boracic  acid,  Dr.  Thomson  adopts 
the  same  proportions  of  1  boron  to  2  oxygen.  Admitting,  then,  as 
seems  probable,  that  one  atom  of  boron  unites  with  two  of  oxygen 
to  form  boracic  acid,  boron  will  be  represented  by  8,  and  boracic 
acid  by  8  -|-  16  =  !24.  But  we  are  to  consider  the  atomic  weight 
of  this  element  as  less  satisfactorilv  determined  than  that  of  most 
others. 

Jioron  with  Oxys^en^-^ Boracic  .^cid. 

I.  This  acid  is  very  rarely  to  be  found  native.  It  has  hitherto 
been  discovered  only  in  the  I/ipari  islands,  and  in  the  hot  springs  of 
Sasso  in  the  Florentine  territory.  For  purposes  of  experiment,  it  is 
obtained  from  the  purified  borax  of  commerce,  by  one  of  the  fol- 
lowing processes: 

1.  To  a  solution  of  borax,  in  boiling  water,  add  half  its  weight 
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of  sulphuric  acid,  previously  diluted  with  an  equal  quantity  of 
water.  Evaporate  the  solution  a  little;  and,  on  cooling-,  shining 
scaly  crystals  will  appear,  which  consist  of  boracic  acid.  Let 
them  be  well  washed  with  distilled  water,  and  dried  on  filtering 
paper. 

2.  Let  any  (|uantity  of  borax  be  put  into  a  retort,  with  half  its 
weiijht  of  sulphuric  acid,  and  half  its  weight  of  water.  Boracic 
acid  may  be  obtained  by  distillation,  and  may  be  purified,  by  wash- 
ing in  water.  Sec,  as  before.  By  neither  of  these  processes,  how* 
ever,  is  the  acid  obtained  perfectly  pure ;  for  electrical  analysis 
discovers  in  it  a  minute  portion  both  of  alkali  and  of  sulphuric  acid. 
(Davy.) 

II.  Boracic  acid  has  the  following  qualities : 

It  has  the  form  of  thin  white  scales,  is  destitute  of  smell,  and 
nearly  so  of  taste.    Its  specific  gravity  is  1.479. 

It  fuses,  when  heated,  and  loses  its  water  of  crystallization.  This, 
according  to  Dr.  Thomson,  amounts  to  about  43,  to  Berzelius  44, 
parts  in  HM)  of  the  crystals,  which  consist,  therefore,  of  one  atom 
of  boracic  acid  and  two  atoms  of  water.  If  the  heat  be  increased 
suddenly,  before  it  has  lost  its  water  of  crystallization,  boracic  acid 
sublimes;  but,  otherwise,  it  melts  into  a  glass,  which  is  permanent 
in  the  strongest  fire,  and  has  the  specific  gravity  1.803. 

It  is  generally  described  as  soluble  in  twelve  parts  of  cold  water, 
and  in  three  or  four  of  boiling  water;  but,  according  to  Sir  H- 
Davv,  i'von  l)f)ilinLc  water  doos  not  take  up  above  -^-^  of  it**  weiq'ht- 

Tliis  j^olutioii  ri'ildiMiS  M':-;*<'^^'*J'*  ')luc  i  olours,  und  t'lrcrvcsct's  with 
ulkalinr  i  :irl)<)iKii(*s.  h  is  n  niarkal»l«",  Imav-  vi  r,  tluit  it  niiilcns  lur- 
im-s'ic.  in  \li<'  sann*  nianmT  as  aikalii  s.   y^i'araday.  i 

It  is  suluhlr  in  alcohol,  and  the  holuiion  burns  with  a  i)«-uiitit'ul 
j^n'i-n  llanir. 

liornn  inth  chlnrint . —  Boron  l)urns\\itli  considt'raljlo  spKndnur  in 
chlorine  i;as.  Tlic  jirodiH.i  Hcrzi'Tnis  finds  to  hv  a  new  v^a**,  whirb 
may  be  freed  tVoni  exeess  ol"  rl\!oiine  hv  slandint:  o\er  nur\nrv. 
y^Ann.  of  Fliil.  N.  S.  x.  1-27.)  It  sniokis  in  the  atioospheiv  lik" 
lluoborir  i;as,  and  consists  u\ 

Chlorine '.U>.  Tlo 

Boron IK  .2.")  7 

But  the  roml>ination  of  these  \\\u  elenuMiis  has  Xhk  n  l)eiter  elVe«'ted 
f)y  Despretz,  l)y  passin*^  »  liloiine  o\er  l)orun'l  of  iii>n,  a.nd  also  bv 
transniiltini^  the  same  ^as,  (h'pri\ed  of  water,  over  ehareoui  aial 
boraeir  arid,  ii^niled  lf):;i-thir  in  a  poreelaiFi  tuhe.  (Ann.  (h-  Chiin 
el  de  Vh.)  \\  has  since  been  in\ i'sli;^ated  hy  Dumas.  y^S.ime  wurk. 
xwiii.  /irf'."^  It  «h)e-.  not  iLpjx  ;•.:•.  however,  that  any  known  |>ri»v."i:s> 
vields  it  in  a  st:it«'  cd'  ouiitv.  ci?id  it  is  ordv  from  u  eal-ulalion.  in- 
volvinj.;  SI  \ei\:I  (latL!.  i  h.ii  Dunias  intimates  ihe  density  of  its  \  apour 

:it  i.or!).;. 

Fhiuborii:  mlcitl. 

With  the  \ii'w  of  ohtainini;  Ihiorii  ai  id  jjas  j)erferily  free  from 
water,  Nir  II.  Da^v  and   Cia\  Lns^:i«   liad  recourse  to  iho  same  ex- 
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pedient,  viz.,  that  of  distilling  perfectly  dryboracic  acid  with  fluate 
of  lime.  When  these  substances  were  exposed  to  a  strong  heat  in 
an  iron  tube,  in  the  proportion  of  one  part  of  the  former  to  two  of 
powdered  fluor  spar,  a  gas  was  collected  iu  great  quantity,  which 
exhibited  very  remarkable  ])ropertics,  and  to  which  Messrs.  (luy 
Lussac  and  Thenard  have  given  the  name  of  gas  fluohoriqxte^  or  iluo- 
boric  acid  gas.  It  may,  also,  be  obtained  by  distilling  in  a  retort 
one  part  of  vitreous  boracic  acid  with  two  of  fluor  spar  and  12  of 
sulphuric  acid.  Small  quantities  of  fluosilicic  gas  and  sulphurous 
acid  were  found  by  Dr.  Thomson  to  be  mingled  with  it;  but  mak- 
ing due  allowance  for  these,  its  specific  gravity  was  2.S622,  agree- 
ing very  nearly  with  Dr.  Davy's  result  (2.3709)  in  which  no  correc- 
tion was  made  for  impurities.  Dumas  has  since  determined  the 
specific  gravity  of  the  pure  gas  to  be  2.3075.  He  conceives  it  to 
be  constituted  of  1  volume  of  gaseous  boron  and  3  volumes  of 
fluorine,  condensed  into  2  volumes.  (33  Ann.  dc  Chim.  et  de  Ph. 
384.) 

When  potassium  or  sodium  was  heated  in  fluoboric  gas.  Gay 
Lussac  and  Thenard  obtained  iluatc  of  potassa  or  soda,  and  the 
base  of  the  boracic  acid,  boron«  was  separated. 

This  gas  appears  to  contain  no  water,  and  to  have  so  strong  an 
affinity  for  water,  as  to  take  it  from  other  gases  which  have  not  been 
artificially  dried.  Hence,  when  mixed  with  most  of  those  gases, 
on  which  it  docs  not  exert  a  chemical  action,  such  as  atmospheric 
air,  it  causes  a  cloudy  appearance. 

Fluoboric  gas  is  absorbed  copiously  by  water,  which  takes  up 
700  times  its  bulk,  and  acquires  the  specific  gravity  1.77.  It  is  not, 
however,  according  to  Berzelius,  absorbed  without  decomposition, 
but  deposits  T)oracic  acid.  (Ann.  of  Phil.  X.  S.  x.  122,  and  Ann. 
de  Ch.  et  de  Ph.  vol.  29.)  The  saturated  solution  has  the  causticity 
and  aspect  of  strong  sulphuric  acid  ;  requires  for  ebullition  a  tem- 
perature considerably  exceeding  21 2*^  Fahrenheit;  and  is  condens- 
ed again  in  striae  which  contain  much  gas.  From  analogy.  Gay 
Lussac  supposes  that  nitric  and  even  sulphuric  acids  would,  if 
thoy  could  be  obtained  free  from  water,  be  eciually  elastic  with  this 
acid. 

The  liquid  acts  almost  us  intensely  as  sulphuric  acid  on  vegeta- 
ble suLstunces.  It  blackens  paper,  and  affords  a  true  ether  with 
alcohol.  It  has  no  effect  in  corroding  glass. 

With  ammoniacal  ;^as  iluuboiic  gas  unites  in  three  proportions. 
If  Uie  alkaline  gas  be  put  first  into  the  tube,  equal  measures  com- 
bine together,  and  the  compound  is  solid  and  neutral.  But  if  we 
admit  fluoboric  gas  by  bui)i)lt's  to  liic  alkaline  gas,  we  obtain  a 
liquid  compound,  with  an  excess  of  base,  consisting  of  one  measure 
of  fluoboric  gas  to  two  of  ammonia;  and  if  to  the  second  compound 
an  additional  volume  of  fluoboric  gits  be  added,  it  is  slowly  absorb- 
ed, and  the  product  is  still  liquid.  Both  fluid  compounds,  when 
heated,  arc  rendered  solid  by  the  expulsion  of  part  of  the  :iinmo- 
nia.    The  solid  salt  is  volatili/ed,  unaltered,  at  a  moderate  heat. 

From  the  analysis  of  the  second  compound,  in  which  the  acid 
and  base  are  probably  present  in  binary  proportion,  Dr.  Thomson 
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deduces  the  atomic  weight  of  fluoboric  acid  to  be  34.    It  consists 

then  of 

1  atom  fluoric  acid  -    -    -    -     10 
1  atom  boracic  acid      -    -    -     24 

34  • 
Bcrzclius  finds  it  to  consist  of 

Fluoric  acid      -     -     -     -     47.942 
Boracic  acid      ....     52.038 


100. 

The  combinations  of  IluolKjric  acid  with  different  bases  arc  fully 
described  by  Berzelius  in  the  Essay  just  cjuotcd. 


'      ! 


I  •.  ■* 


SECTION  V. 

PhosphoruH, 

Phosphorus  was  discovered  about  the  year  M(V.)  by  Brandt,  an 
alchemist  of  Hamburgh,  while  emph)yrd  in  the  researVh  after  tbr 
art  of  convening;  llie  baser  metals  into  ^;old  and  silver;  and  after- 
wards by  Kunckel,  a  (Jcriiian  chemist.  But  thi*  method  <if  prfjiar- 
iii"*  il  was  not  puMif^N  (li\  iil-.r-fd  bv  ciilic!*  ol'  tlv)^  ■  ;)<';«s. ■•;>  :  ;.n  !  ''' 
v.i's  not  liil  ir.'r.  'iiU.  a  ''juiiniss.i,!!,  ;i})piii:i't-ii  Iiv  i!.,-  ]'\ 
Acadt'iny  (1'  S"iri:«'>^,  w  .is  in-..:iii"'«-(|  !)v  ;i  s-p..':  -y-  \'.\  '!:■  ■■'■■ 
It  cfiiisis'.'d  in  t\  .■.j)<);-:.' i!!'.-  j)!::!ifl  uriiit*  !(»  (I:\jhnn,  :••  .|  ,.;>■ 
tbe  r«'s:'!ii'!iii  ;■.:  .'.!i  i'l"  ;i-'- 1  ■::  in  .i  stu'ii  w  ,:i-.- jii-i:-.  \!  .:  .■■  •;  ;•  ,- 
provrd  \\\v    pr.n'.S".  '.y  ;..:.],:..;  u   ^.il:  «.!'  1.   -i    :.,   ij;,-  !.;■■;,■;   .     ■■    ;■ 

bonrs,  in\i-nii'-.l  *!n'  lu -'hu-l  <;l' j)'.-«-],;iri:p-  i, ;■.•■>;,!:., mis  ^\  iii  ■''.  is  ■■  .■\ 
i^ciH'i'ally  af!u])ti'tl,  ;.!,  I  will  pi-'sr.i'U  hv  (!'•-•  i-il)--!. 

IMl()^;)ll')l■ll^  i>  .;!!  i!i:'l.i'!ir.K  Mr  -^uhs!.!!-.!!-.  ..:.<1  is  ilis",:!i; -i:',  ^-i  v 

lh<*  r«'ll')\\  in-.  •  r\:i-!!ial  >  i;  !!".t«  :    i  -. 

It  11  ■.*-  :  ■•■■  i'mII;'  .■  i;»--!i--'-!   <  ■)i'";  ;■.  '  -•  '.  •.  '■    -i   .     '■   j'.  ';^    .....    ..    .  ^ 

ni:iv  !'■-)')'.;; ';■»!:■.!.■:!!■•  ^  ...;■[  1'  !  ;'     ^^   ■  :■  •.- ■^.:■■■    ■■.     I  ■     .- 

■  I  •  , 

i  i...i'i!  '..jv:  . . 

ll   i.  ■.:)  s.,1.   il;.;   ;■   '■  ■       :!  .    ■;.:  !s  '.:•:,  ■  '.    ;.'■. 

It     i,,.-|"  .    .■•    .  ■).,"•     I'l  .      ..-    i  |>i      !'.'..:  .:.    ;•.   .  '    '    ■•  !;.  .,  :  .    ;  .    I, 

inns'  'i     I  1 1".  I  ■■    ;  M  r  'i    ., ..  ■    . .        >    •  .i   ■  ;  i  •  •   •  .  i      .     ■'       ;  i   ■  •  •'  .  ■ 

I'll'li"    «'■•■'  '.'.'i   ■'  ■■■!':i  ^!  .1-1       •     it   :  ;■!..    i.i'     '  .   i     ■■■.  I  r,  t"  ■■■  •■    \  '    I     ■, 

:  I    1  I  T  ■.  ■ 


at  n-1  i;)'  '.'t'l:-.-^     .■::■       Ir    i    •■ ,  '..  j-.-.-.    i    .  ,.     ';;;.. -^    ,■  ••,.,.■..'■ 


1.      ■  .       I  : 


I'    '         I 


•    <        ....... 


trtn ;)'■;■   :'■:■.  .:ri  I   i  ■  ;..  -  ;:.!.\     >;.   :  !:;■  si.i.;.,,  ^:    1. ..  ■■i: 
nis.      <i:..'t.  .1*    i:  ■:.  .1  il!.    I  ■  '   . 

l/.j-—    1  ••'    I  l.«   ;■  -.I"'-    ■  ..     "I  I  .'I     :.  .:i:!!     i".;!;-.-.;     ir,  ..;.;...  !. 
(|«'iily  «•»(»!«  ll.    j;    ;)»•'   itiH".  !»!.•«  Ix;  'i--:,  il"    v.i,,...l\    i'#:ir,-.il,..j.    ,■ 
njaifis  ir:msjs.ir«Mi>  .-.iir'  •  mImmiIi  -s:  w  !..  m  .  im.j-  i!  .it  .i  in.,i!t!\t:-    i  .i!- . 
it  assuirif^  tlit    St  ini-Ti  an  spitiTin  y  «(!"  l-.'>'"<-.     \' coriliM:;-  !i=    riuri.r.i. 
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however,  it  is  not  ali  phosphorus  that  exhibits  these  properties, 
but  only  that  which  has  undergone  repeated  distillations.  Mits- 
cherlich  has  crystallized  phosphorus,  from  a  solution  of  phosphu" 
ret  of  sulphur,  in  the  form  of  rhombic  dodecahedrons;  and  by  the 
fusion  and  careful  refrif^eration  of  a  lar^  quantity,  crystals  have 
been  obtained  as  lahge  as  cherry-stones,  and  of  an  octahedral  figure. 
(Phil.  Mag.  and  Ann.  IMiil.  iii.  154.) 

In  the  atmosphiMT.  phosphorus  emits  a  white  smoke,  and  a  pe- 
culiar smell  resembling  that  of  garlic ;  and  a  faint  and  1>eautiful 
light  arises  from  it;  but  these  appearances  do  not  take  place  in  air 
which  has  been  artiiicially  dried.  If  a  cylinder  of  phosphorus  be 
introduced  into  a  vessel  of  oxygen  gas  over  mercury,  at  a  tempera- 
ture not  exceeding  80"'  Fahrenheit,  no  perceptible  absorption  will 
happen  in  24  hours;  but  if,  the  temperature  remaining  the  same, 
the  pressure  be  diminished  to  ith  or  y\^th  that  of  the  atmosphere, 
the  phosphorus  will  be  surrounded  by  white  vapours,  will  become 
luminous  in  the  dark,  and  will  absorb  oxygen.  Under  ordinary 
pressures,  a  higher  temperature  is  required  to  produce  this  effect; 
but  it  is  remarkable,  that  if  the  density  of  the  oxygen  be  reduced 
in  the  above  proportion,  by  mixing  it  with  azote,  hydrogen,  or  car- 
bonic acid,  the  phosphorus  becomes  luminous.  From  atmospheric 
air  of  ordinary  density  and  temperature,  phosphorus  slowly  absorbs 
oxygen,  with  an  extrication  of  light. 

Phosphorus  is  inllamed  by  the  aj)plication  of  a  very  gentle  heat* 
According  to  Dr.  Higgins,  a  temperature  of  60°  is  sufhcient  to  set 
it  on  fire,  when  perfectly  dried  by  blotting-paper. 

It  burns  when  healed  to  about  148°,  with  a  very  brilliant  light, 
a  white  smoke,  and  a  suflbcating  smell,  and  may  even  be  inflamed 
in  an  atmosphere  rarefied  sixty  times.  (Van  Marum.)  It  may  also 
be  set  on  fire  by  friction;  for  example,  when  rubbed  between  two 
pieces  of  brown  ])apcr. 

In  oxygen  gas  phosphorus  bums  with  a  most  brilliimt  light;  and 
also  in  nitrous  oxide,  nitrous,  and  chlorine  gases.  The  product  of 
the  ra])id  combustion  of  phosphorus  in  oxygen  gas  is  exclusively 
phosphoric  acid,  which  appears  in  white  flakes  like  snow.  These 
when  exposed  to  the  air  rapidly  al)sorb  moisture,  and  become  li- 
quid. 

At  550^  Fahr.  phosphorus  is  volatile;  but  its  vapour  is  immedi- 
ately condensed  again  into  a  liquid  by  lower  temperatures.  From 
various  data,  Dumas  has  calculated  the  density  of  its  vapour  at 
iL205i2.     (Ann.  de  Ch.  et  de  Phys.  Dec.  182G.) 

The  only  information,  which  we  possess,  respecting  the  nature 
of  phosphorus^  is  derived  from  the  electro-chemical  researches  of 
Sir  H.  Davy.  When  acted  upon  by  a  battery  of  50()  pairs  of  plates 
in  the  same  manner  as  sulphur,  gas  was  produced  in  considerable 
quantities,  and  the  phosphorus  became  of^a  deep  red-brown  colour. 
The  gas  proved  to  be  ])hf)Spbureted  hydrogen,  and  was  equal  in 
bulk  to  about  four  times  the  pliosphorus  employed.  Hence  hydro- 
gen may  possibly  be  one  of  its  components ;  but  no  confirmation  of 
the  truth  of  this  view  is  derived  from  the  recent  experiments  of  the 
same  philosopher,  which,  indeed,  arc  rather  contradictory  to  it 
Vol.  1.  S  s 
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'  ^^     AuT.  \^-~Phospkorut  and  Oxygm. 

Pliosphorus  muy  Ire  nxyjfenized  in  various  modca. 

1.  By  rrpontrt  to  alinotphrrie  oif. — It'  a  utick  of  phosphorus  be 
placed  tn  »  runnel,  ihe  pipe  vf  which  terminates  it  an  empty  bot- 
tlri  the  phosphorus  sinwiy  acquires  oxygen,  ttnti  rumii  an  wxid, 
which  fulls  into  the  bottle  in  a  liquid  state.  A  large  i|u&ntiiy  of 
acid  may  be  obtained,  if  a  number  of  sticks  be  thus  exposed  ;  but 
a>  they  would  be  in  daiif^r  of  taking  fire,  if  heaped  to^ihcr,  cacb 
stick  should  be  separately  enclosed  in  a  glass  tube.  These  tnbea 
must  b«  disposed  round  a  funnel,  the  pipe  of  which  lerminaies  id 
a  boltle.  The  whole  should  be  covered  by  a  bell-shaped  receiver, 
the  air  of  which  is  to  be  frequently  changed.  The  acid  thus  ob- 
tained is  a  mixture  of  photphoroua  and  phogplione  acids,  he.  Du- 
long,  indeed,  believes  it  to  be  a  distinct  compound,  for  which  he 
has  proposed  the  name  o( pho»phalie adiL  (Phil.  Mag.  xlTiii.  273.) 
But  this  view  of  its  composition  is  not  supported  by  the  more  re- 
cent investigations  of  Sir  H.  Davy,  who  still  considers  It  as  a  mfal- 
lUrc  of  tlte  two  known  acids  of  phosphorus. 

Phosphorus,  kept  under  water  in  a  bottle,  partly  Riled  with  that 
Ruid,  and  into  which  fresh  air  is  occasionally  admitted,  becomes 
atowly  changed,  partly  into  a  soluble  acid  which  the  water  takes  up, 
and  partly  into  a  white  substance  that  invests  the  sticks  of  phos- 
phorus with  an  insoluble  covering.  This  appears  to  be  an  oxide 
of  phosphorus.  The  change,  it  has  been  found  by  Mr.  R.  Phil- 
lips, is  racilitated  by  exposure  to  light;  and  in  that  case  water  is 
decomposed,  and  phosphureied  hydrogen,  with  phosphorous  and 
phosphoric  acids,  are  generated. 

When  phosphorus  is  burned  in  a  quantity  of  atmospheric  air 
much  short  of  that  which  is  required  to  consume  it,  the  unbumed 
.  portion  consists  of  a  red  oxide,  mixed  with  unconsumcd  phospho- 
rus and  phosphoric  acid.  The  red  substance  is  an  oxide  of  nno»- 
phoruB,  but  neither  the  precise  composition  of  this,  nor  of  the 
while  oxide,  has  been  yet  ascertained.  U  has  been  conjectured, 
indeed,  that  the  while  compound  is  a  hydrate,  composed  of  water 
united  with  the  red  oxide.  (On  thu  Oxides  of  Phosphorus,  sec 
>ncliolson's  Journal,  vi.  134.) 

When  phosphorus  is  burnt  in  highly  rarefied  air,  three  products 
ai«  formed — a  red  solid  comparatively  fixed,  and  requiring  a  heal 
above  313°  for  its  fusion — a  while  and  easily  volatile  substance, 
which  is  comhusiihlc,  soluble  in  water,  and  has  acid  properties; 
asd  a  substance  which  is  strongly  acid  and  not  volatile  even  at  a 
white  heat.  The  first  appears  to  be  a  mixture  of  unbumed  phos- 
phorus and  phosphorous  acid  ;  the  second  to  be  phosphorous  acid ; 
and  the  third  to  be  phosphoric  acid.  (Davy.) 

£.  Phoiphorvi  injiamet  vividly  in  axj/gni  i^os.— When  bnrnt  in 
thia  manner  over  mercury,  every  hundred  parts  of  phosphorus,  ac- 
cording to  Lavoisier,  gain  an  addition  of  IJJ.  Sir  H.  Davy  at  fits! 
dctwmtncd  that  lt)0  grains  of  phosphorus  condense,  by  rapid  com- 
bttttion,  450  cubic  inches,  or  I5i  grains,  of  caygca  g*a ;  but  hv 
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ing  examined  the  subject  anew,  with  every  attention  to  the  accura- 
cy of  his  results,  and  with  the  advantage  of  improved  methods  of 
operating,  he  fimnd  that,  taking  an  average  of  three  experiments, 
100  grains  of  phosphorus  combine  with  only  135  grams  of  oxv- 
gen.  Considerations,  derived  from  the  determination  of  the  atomic 
weight  of  phosphoric  acid,  to  be  afterwards  stated,  render  it  pro- 
bable that  the  true  proportions  are  100  of  phosphorus  to  ISS^  oxy- 
gen. 

^  Oxygenation  by  niirie  acid, — If  phosphorus  be  cautiously  add- 
ed, by  small  fragments  at  once,  to  nitric  acid,  gently  heated  in  a 
retort,  the  nitric  acid  is  decomposed,  nitrous  gas  escapes  abundant- 
ly, and  the  oxygen  of  the  acid,  uniting  with  the  phosphorus,  con- 
stitutes phosphoric  acid.  A  tubulated  retort  must  be  used  for  this 
purpose;  ana  its  neck  may  terminate  in  the  apparatus  already  de- 
scribed for  procuring  nitric  acid.  By  this  contrivance  a  consider- 
able quantity  of  nitric  acid  will  be  saved.  The  liquid,  remaining 
in  the  retort,  may  be  evaporated  in  an  open  platinum  vessel  to  a 
thick  consistence,  the  heat,  towards  the  last,  being  raised  to  red- 
ness. This  expels  the  redundant  nitric  acid,  and  also  drives  off  a 
portion  of  ammonia,  which  Mr.  R.  Phillips  has  observed  to  be 
formed  by  the  action  of  phosphorus  on  nitric  acid,  the  nitrogen  of 
which  unites  with  hydrogen,  liberated  at  the  same  moment  by  the 
decomposition  of  water. 

Proee$9  for  preparing  Phosphoric  Add  from  Bonu. 

1.  To  prepare  this  acid  on  a  large  scale,  the  combustion  of  phos- 
phorus would  be  much  too  expensive.  The  following  is  the  most 
economical  method : 

On  20  pounds  of  bone,  calcined  to  whiteness  and  finely  powder- 
ed, pour  20  quarts  of  l>oiling  water,  and  add  161  pounds*  of  sul- 
phuric acid,  diluted  with  an  equal  weight  of  water.  Let  these  ma- 
terials be  well  stirred  together,  and  be  kept  in  mixture  about  twen- 
ty-four hours.  Let  the  whole  mass  be  next  put  into  a  conical  bag 
of  sufficiently  porous  and  strong  linen,  in  order  to  separate  the 
clear  liquor,  and  let  it  be  washed  with  water,  till  the  water  ceases 
to  have  much  acidity  to  the  taste.  Evaporate  the  strained  UoMor 
in  earthen  vessels,  placed  in  a  sand-heat,  and,  when  redacod  to 
about  half  its  bulk,  let  it  cool.  A  white  sediment  will  form  in  con- 
siderable quantity,  which  must  be  allowed  to  subside;  the  clear  so- 
lution must  be  decanted,  and  boiled  to  dryness  in  a  glass  vessel.  A 
white  mass  will  remain,  which  is  the  dry  phosphoric  acid.  This 
may  be  fused  in  a  crucible,  and  poured  out  in  a  clean  copper  dish. 
A  transparent  glass  is  obtained,  which  is  the  phosphoric  acid  in  a 
glacial  state;  not,  however,  pure,  but  containing  much  sulphate 
and  phosphate  of  lime.  According  to  Fourcroy  and  Vauqueun,  it 
is,  in  fact,  a  super-phosphate  of  lime,  containing,  in  100  parts,  onU 
SO  of  uncombined  phosphoric  acid,  and  70  of  neutral  phosphate  oi. 

*  Tbcsa  we  the  propoftioM  reoonmended  hy  PsDctier  and  Dalton.  Amnet 
HiilHj  ofsulphunc  add  Is  gwenl^  prsseiUMd. 
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iimc;  but,  when  prepared  with  the  full  proportion  of  aulpharis 
acid,  Mr.  Daltuu  fiuds  only  from  8  to  \iptr  tml.  of  ihr  r klcRrvooa 
phoBpliale.  To  sfpBinii:  tliu.  luttvr.  Dr.  lli^^nx  nciilmlixcii  the 
sci<l  li<iuor,  obtaini-d  by  the  action  of  lulphuric  ntid  on  bune^  with 
corbonfUcofanmioiiift;  ilic  ncolraMitjuor  *«»  decaoicd  and  cv*pi>- 
TRlcd  till  a  ponioii  of  it  dcpoaiWd  crystsla  oii  cooling ;  and  wm 
then  poured,  while  hoi,  iiilu  a  tliin^lass  balloon,  which  w«»  placed 
on  the  sand  Iwd  of  a  rtvcrberatory  furnace.  Tht  mouili  of  th*  bal- 
loon being  covered  with  an  inverted  cruciblu,  tht  fire  was  graduaOy 
rkiaed  lUl  the  sand  pot  was  obscurely  red.  In  this  wajr,  the  au^ 
phaic  of  ammonia,  and  ammonia  that  neuiraliud  the  photphoric 
acid,  were  buih  expelled;  and  the  almottpheric  acid  reinwied  la 
the  form  of  a  transparent  coluurleiis  glass,  atill  retaining  a  iitinvte 
quantity  of  ammonia.  (Minutes  of  a  Society,  p.  £52.)  The  f[la> 
clal  acid,  in  its  purest  form,  atill  contain*,  also,  according  to  Du- 
long,  17-08  percent.,  acconlingto  Rose  only  9.44  per  cenU  of  c<Mp- 
bincd  water,  which  cannot  be  expelled  without  volatiUxing  the  acid 
iltelf. 

The  phosphoric  acid  has  the  following  propcrtiea : 
^hen  pure  and  glacial,  it  dissolves  readily  in  water.  That  oIk 
tatned  immediately  from  bones  ia  rendered  insoluble  by  the  admis- 
tnrc  of  earthy  salts;  but  the  glacial  acid  prepared  with  nitric  acid 
is  reudily  soluble.  Its  taste  is  intensely  sour,  but  it  docs  not  cor- 
rode animal  substances. 

The  solution  is  not  volatile,  nor  capable  of  being  decomposed  by 
heat  only;  nor  does  it  emit  any  smell  when  heated. 

Phosphoric  acid  may  be  discriminated  from  all  others  by  neu- 
tralizing a  portion  with  pure  carbonate  of  soda  or  of  potassa,  and 
passing  through  it  a  stream  of  sulpliurcied  hydrogen.  No  change 
IS  produced;  but  by  a  solution  of  acetate  of  lead  the  diluted  acid  is 
precipitated  white;  and  by  nitrate  of  silver,  yellow.  The  former 
precipitate,  phosphate  of  lead,  is  soluble  in  nitric  or  phosphoric 
acid;  the  second,  phosphate  of  silver,  is  dissolved  by  both  iho&e 
acids  and  by  ammonia.    (Turner's  Elem.  ofCliem.) 

The  fotlo«ing  Table  shows  the  composition  of  phosphoric  acid 
according  to  diiferenl  authorities.    According  to 
IWh    .    -    ■     100  phosphorus  arc  combined  \uih   I14.G  oxygen. 

WitoBK      -     -      HX) 124.8 

BerwUus  -     -     lOO 127.5 

Davy    -    -    -    luo 135. 

The  want  of  agreement  between  these  results  shows  thai  it  \%  not 
easy  to  determine  the  composition  of  phosphoric  acid  by  the  direct 
union  of  its  base  with  oxygen,  or  even,  as  attempted  by  Oulong, 
with  chlorine,  or  by  Dumas,  with  phosphurcted  hydrogen.  The 
result  of  Davy  approaches  most  nearly  to  the  proportion  of  12  (I 
atonr)  of  phosphorus  to  16  (2  atoms)  of  oxygen. 

Prtirrat  for  cblaiuinq  and  purifying  I'hO'phonu. 
Wlien  distilled  in  an  earthen  retort,  with  half  Its  weight  of  pov- 
^i^red  charcoal,  glacial  phosphoric  acid  is  decomposed  i  itaoxy^ 
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uniting  with  the  carbon,  forms  carbonic  acid ;  and  phosphorus,  in 
quantity  equal  to  only  about  one-fourth  of  the  acid,  rises  in  a  sepa- 
rate state,  a  great  proportion  of  it  escaping  in  combination  with 
hydrogen.  This  is  the  usual  and  best  mode  of  obtaining  phospho- 
rus. 

The  phosphoric  acid  of  bones  may  either  be  employed  for  this 
purpose  in  the  state  of  glass,  finely  powdered  ;  or  to  the  evaporated 
acid,  when  acquiring  a  thick  consistence,  powdered  charcoal  may 
be  added  in  sufficient  quantity  to  give  it  solidity.  In  the  latter 
mode,  however,  unless  the  heat  is  very  cautiously  raised,  the  ma- 
terials are  apt  to  swell,  and  to  boil  over.  The  mixture  of  acid  and 
charcoal  is  to  be  put  into  a  stoneware  retort,  coated  with  Willis's 
lute,  the  neck  of  which  is  lengthened  out  by  a  tin  pipe.  '  The  open 
end  of  the  pipe  is  to  be  immersed  in  a  vessel  of  water.  The  heat 
is  to  be  slowly  raised,  and  at  length  made  very  intense.  An  enor- 
mous quantity  of  gas  escapes,  which  takes  fire  on  coming  into  con- 
tact with  the  atmosphere ;  and  the  phosphorus  distils  over  in  drops, 
which  congeal  in  the  water.  As  it  is  apt  also  to  condense  in,  and 
to  stop  up,  the  neck  of  the  retort  and  tin  pipe,  it  must  be  occasion- 
ally melted  out  of  these,  by  a  shovelful  of  hot  cinders  held  under 
them.  The  process  is  rather  a  troublesome  one ;  and,  though  it  is 
proper  that  the  student  should  for  once  perform  it,  it  will  be  found 
more  economical  to  purchase  the  phosphorus  which  may  be  requir- 
ed for  use;  and  to  purify  it,  for  purposes  of  accurate  research,  in 
the  following  mannner : 

The  quantity  of  phosphorus,  which  it  is  intended  to  rectify,  must 
first  be  put  into  a  retort,  with  a  sufficient  portion  of  water  to  cover 
it ;  and  the  water  then  made  hot  enough  to  melt  the  phosphorus, 
which,  on  cooling,  forms  a  compact  mass,  of  the  shape  of  the  bot- 
tom of  the  retort.  When  cold,  fill  the  retort,  and  its  neck  also, 
with  water,  and  invert  it  in  water.  Displace  the  water  by  hydro- 
gen gas,  forced  from  a  bladder  through  a  bent  pipe;  keep  the  fin- 
ger on  the  open  end  of  the  retort  neck  ;  place  it  in  a  sand  bath  ;  and 
immerse  the  mouth  of  it  in  water.  Then  apply  heat  very  cautiously. 
A  bladder  shouhl  also  be  provided,  furnished  with  a  stop-cock  and 
brass  pipe,  and  filled  with  hydrogen  gas.  During  the  distillation, 
the  gas  in  the  retort  is  absorbed,  and  it  is  necessary  to  add  more 
from  the  bladder,  otherwise  the  water  will  rush  into  the  retort,  and 
occasion  an  explosion.  By  distillation,  in  this  mode,  phosphorus 
is  rendered  much  purer.  In  the  neck  of  the  retort,  a  substance  is 
condensed  of  a  beautiful  red  or  carmine  colour,  which  is  a  combi- 
nation of  carbon  and  phospliurus,  or  Viphosphuret  of  carbon.  The- 
nard  observes  that  nhosphorus,  how'ever  frequently  distilled,  can- 
not be  freed  entirely  Irom  charcoal,  a  minute  quantity  of  which  does 
not  seem  to  impair  its  whiteness  or  transparency. 

Phosphorus  may  also  be  procured  by  adding  to  urine  a  solution 
of  lead  m  nitric  acid,  which  precipitates  a  phosphate  of  lead.  This, 
when  well  washed,  dried,  and  distilled  in  a  stoneware  retort,  yields 
phosphorus.  (Crell's  Journal,  Translation,  iii.  36. }  Or  a  solution 
of  phosphmteof  soda  (which  may  he  bought  of  the  druggists,)  mix- 
ed with  one  of  acetate  of  lead,  in  the  proportion  of  one  part  of  the 
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fiirnn-r  sail  to  I J  of  the  lalirr,  yicWii  a  pr«<-»pUa(c  of  pho«n|iftteaf  j 
lead,  from  wlikh  pliosphurus  mtiy  be  {irocured  by  ilutilUilitMi  wllh 
chwcoal,  but  at  cousidtmbly  more  ex|)Ciise. 

Phosphorous  aciil  cannot,  according  tu  Sir  H.  Davy,  he  obuincd 
pure  by  exposing  cylindeis  of  phospboms  to  atmospheric  air;  Cor, 
when  thus  pn'parecl,it  always  contains  phosphoiicaciil.  Itcanonlf 
be  procured  in  a  state  of  purity,  by  first  subliming  phosplwm 
through  corrosive  Gublimate ;  then  mixing  the  product  vith  «»tei% 
nnd  heating  It,  tilt  it  becomes  of  the  consistence  of  syrup.  Tbe 
liquid  obtained  is  a  compound  of  pure  phosphorous  acid  aiwl  waur, 
which  becomes  solid  and  crystalline  on  cooling.  It  is  acid  to  the 
■  ^str,  reddens  vegetable  blues,  and  umtea  with  alkalies,  furmtB^ 
salts  called  phorphitfs.  Dy  exposure  to  the  air,  these  uJts  pau  lo 
the  state  of  photphttUt. 

The  theory  of  its  pruductian  is,  that  when  the  compound  of  pho»- 
,pfeorus  and  chlorine,  formed  In  the  first  operation,  is  brought  Into 
CinUci  with  water,  the  water  la  decomposed;  its  hydrogen  uniting 
ymb,  chlorine  composes  muriatic  acid;  and,  its  oxygen  combiaiog 
with  phosphorus,  forms  phosphoric  acid.  From  this  mixture  tJ 
acids,  heat  expels  the  muriatic  only. 

The  phosphorous  acid  exhales  a  disagreeable  ftctid  odour;  and 
yields,  when  slrong'ly  heated,  penelratintf  white  ¥ai>ourii.  By  tlie 
attraction  of  its  base  for  more  oxygen,  it  precipitates  the  perfect 
metals  from  their  solutions  in  a  metallic  form.  When  heated  in  a 
glass  ball,  blown  at  the  eird  of  a  small  tube,  a  gas  issues  from  the 
orifice  of  the  tube,  which  inFlames  on  coming  into  contact  with  the 
atmosphere.  The  residuum  in  the  ball  is  phosphoricacid.  From  the 
experiments  of  Rose  on  the  phosphoric  acid.  Gay  Lussac  infers 
that  phosphorous  acid  must  consist  of 

Phosphorus     -     56.81     -     -     100     -     -     I0.S2 
Oxygen  -    -     -    43.19     -     -      76     -     -       8. 

100. 
These  proportions  do  not  differ  materially  from  those  stated  by 
Dulong,  who  makes  phosphorous  acid  to  consist  of  100  phosphoros 
+  74.88  oxygen.  (Phil.  Mag.  xlviil.  273.) 

Sir  H.  Davy,  after  a  careful  investigation  of  the  constitution  of 
phosphorous  acid,  has  been  led  to  conclude  that  the  oxygen  which 
It  contains  is  just  one-half  oj  that  existing  In  phosphoric  acid;  or 
that,  in  the  former,  100  grains  of  phosphorus  are  united  with  only 
67.5  of  oxygen.  Hence  phosphorous  acid  must  consist  of 
Phosphorus  -  -  59.7  -  -  11.83 
Oxygen  -    -    -    -    4a3    -    -      8. 

loa 

And  if  phosphorous  tcid  be  constituted  o(  1  atom  of  my^cn  + 
1  atom  of  phospborHs,  Ac  yeie:')'  of  tbc  latter  atom  majr  be  iata- 
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red  to  be  11.83,  or  in  round  numbers  12.  Phosphorous  acid,  then* 
"will  be  represented  by  1 2  +  8  a  Sa 

It  must  be  acknowledged,  howevery  that  there  is  still  room  for 
doubt,  respecting  the  true  atomic  constitution  of  this  and  other 
compounds  of  phosphorus  with  oxygen*  Berzelius  and  Dulong  de- 
duce the  proportion  of  oxygen  in  the  phosphorous  acid  to  be  to 
that  in  the  phosphoric  as  3  to  5,  while  Davy  and  Thomson  conclude 
it  to  be  as  3  to  o.  Dumas,  despairing  of  satisfactory  results  from 
a  mere  repetition  of  the  experiments  of  such  accurate  chemists, 
attempted  a  new  mode  of  investigation,  which  led  him  to  infer,  with 
Berzelius,  that  the  true  proportion  is  that  of  3  to  5.  (31  Ann.  de 
Ch.  et  de  Phys.  112.)  Now  if  phosphoric  acid  be  constituted,  as 
has  been  shown  to  l>c  probable,  of  16  oxygen  +  12  phosphorus,  the 
phosphorous  acid  should  consist  very  nearly  of  12  phosphorus  + 
9.6  oxygen,  for  5  :  3  :  :  16  :  9.6.  But  this  is  improbable,  because 
it  is  at  variance  with  the  law  of  multiple  proportions;  16  being  no 
simple  multiple  of  9.6. 

Ht/po-pho8phorou$  Acid. 

When  phosphuret  of  baryta,  carefully  prepared,  is  made  to  act 
on  water,  two  distinct  compounds  are  generated,  viz,,  phosphate 
of  baryta,  which,  being  insoluble,  is  readily  separated  by  filtration; 
and  a  soluble  salt  of  baryta,  which  passes  through  the  filter.  To 
the  latter  compound,  sulphuric  acid  is  to  be  added,  in  quantity  just 
sufficient  to  separate  the  baryta.  The  acid  solution  which  remains, 
when  concentrated  by  evaporation,  yields  a  viscous  fluid,  strongly 
acid  and  uncrystallizable.  By  a  still  stronger  heat,  this  substance 
is  decomposed;  proto-phosphurcted  hydrogen  is  developed;  a  little 
phosphonis  is  sublimed ;  and  phosphoric  acid  remains  in  the  re- 
tort   (Dulong,  48  Phil.  Mag.  271.) 

The  compounds  of  this  new  acid,  with  alkaline  and  earthy  bases, 
are  remarkable  for  their  extreme  solubility.  Those  of  baryta  and 
strontia  crystallize  with  great  difficulty.  The  hypo-phosphites  of  po- 
tassa,  soda,  and  ammonia,  arc  soluble,  in  all  proportions,  in  highly- 
rectified  alcohol.  That  of  potassa  is  even  more  deliquescent  than 
chloride  of  calcium.  They  absorb  oxygen  slowly  from  the  air,  and, 
when  healed  in  a  retort,  give  the  same  products  as  the  acid  itself. 
An  able  memoir  by  Rose,  on  this  class  of  salts,  may  be  consulted 
in  Ann.  de  Ch.  et  de  Phys.  July  1828. 

In  order  to  ascertain  the  proportions  of  the  elements  of  this 
acid,  Dulong,  its  discoverer,  converted  a  known  quantity  of  it  into 
phosphoric  acid  by  means  of  chlorine,  whence  he  infers  it  to  con- 
sist of 

Phosphorus     -    -     72.75    -     100.        -     21.36 
Oxygen       -    -    -    27.25    -      37.44    -      8. 

100. 

These  results  lead  to  the  supposition  that  hypo-phosphorous  acid 
is  a  compound  of  1  atom  of  oxygen  +  2  atoms  of^ phosphorus;  but 
it  it  still  doubtful  whether  it  may  not  be  a  triple  compound  of  oxy- 


3^  ot  siMi'LE.  aoisijUsi-b  bodiks.  ctt&r.  tr> 

Kpn,  plios|>liorus,  and  hydroRcn,  or  a  hydracidf  in  which  ca»c  Et> 
proper  appellation  woiilil  tie  h/dr(hplto:iphon*i"i  mid.  j 

In  his  able  iiivi-stit;aiiuii  of  ihc  (.■ompoundfn  of  phosphorus.  Sir*' 
H-  Da»y  admits  the  cKi»t«&cC  of  tlu:  ntvi  acid  of  Uulong,  but  de- 
duces somewhat  difftirnl  projiorUuns  of_t|»  tlemciH*.  The  osjrmi 
•      of  this  iicid  ht  cundudes  to  be  jiR^iscly 'half  of  that  which  rxUu 
in  phoiphorous  acid ;  or  thai  lOfl  of  pliospliorus  are  uiiiltd  with 
SS.730  oxygeik    If  lliis  were  correct,  ii  would  confirm  the  notion 
thai  bypo-phoiphorbus  acid  is  couatituicd  of  I  atom  of  ttxf^a 
■weighing  8,  ana  2  atoms  of  phosphorus  weij^hing  12  x  S  •■  34, 
and  that  tlw  weight  of  the  compound  atom  i*  represcDted  by  31 
But  here,  again,  there  is  a  want  of  ogreeinein  rcsperiing  fact*,  for 
Rose,  by  a  more  recAl  set  of  experiments,  has  arrived  at  the  coti- 
:    elusion,  that  in  hypo- phosphorous  acid,  100  nhosphoros  are  united 
(  with  only  3J.61  oxygen,  or  with  about  ont-lhird  the  oxygn  con- 
I  «tituting  phoftphorous  acid,  al  least  viewing  (he  latter  acM  a«  *UI- 
*"      cd  by  lierzelius  and  Dulong.    (Ann.  He  ih.  ct  de  I'h.  Auy.  1887.) 
Ho  far  SB  we  have  at  present  the  means  nf  judging,  the  loUowing 
Table  appears  to  me  to  represent  the  mo»l  probable  constitution  of 
•  rtbcsc  compounds; 

Plwipb.  0*)I.        XV. 

Hypo-phosphorous  acid  -  -  2  +  1-32 
Phosphorous  add  -  -  -  -  1  +  1-20 
Phosphoric  acid      -     -    -     -     1         +         2     -     28       , 

llul  llic  subject,  il  is  obvious,  admits  ol'^inolhcr  vh-v.  uhith  de- 
rives sonic  probability  from  the  analogy  of  the  compounds  of  sul- 
phur and  oxygen,  viz.,  that  hypo-jihosphorous,  phosphorous  and 
phosphoric  acids,  may  be  respectively  compounded  of  1  atom  of 
phosphorus,  with  1,  2,  and  3  atoms  of  oxygen.  It  is  true  thai  such 
a  proportion  of  oxygen  as  that  of  2  to  3  in  |)hosphorous  and  phos- 
phoric acids,  does  not  agree  either  with  the  results  of  Bcrzeliiis 
and  Dulong,  or  with  those  of  Davy ;  but  where  the  discrepancies 
are  so  great  as  to  facts,  some  latitude  may  be  allowed  as  to  theoretical 


Art.  2, — Combinaliom  of  Phosphoruit  u-Uh  Chloriixf. 

There  are  two  compounds  of  chlorine  and  phosphorus. 

1.  lii-chloride  or  I'cr-chlonde. — When  phosphorus  is  introduced 
into  chlorine  gas,  it  lakes  fire  spontaneously,  and  burns  with  a 
pale  flame ;  and  a  white  solid  condenses  on  the  sides  of  the  vesscL 
In  an  exjieriment  of  Sir  11.  Davy,  conducted  with  gn^at  care,  4 
grains  ol  phosphorus  condensed  .11. 'J  cubic  inches  (barometer  3(1.1. 
thernionieter  -Hi")  of  chlorine  gas,  eijuivalent  lo  very  nearly  9Jj 
grains,  or  six  times  its  weight.  Therefore  1(H)  grains  of  phospho- 
rus, to  form  this  compound,  condense  fiftO  grains  of  chlorine;  and 
as  36  of  chlorine  appear,  from  a  variety  of  facts,  lo  be  cc[uivaleDt 
to  8  of  oxygen,  the  above  60()  grains  are,  by  the  rule  of  proponion. 
the  equivalent  of  133  of  oxygen ;  and  thus  is  derived  ■  collateral 
proof  that  phosphoric  acid  is  constituted  of  100  phoapborus,  ud 


wj  nearly  135  oxygtn  by  weight,  the  true  proportion  of  o^ygctt    y 
being  ISSh  >'  ^  .    ^. 

The  solid  compound  of  phgM'^^*  ^"^^  chlorine  it;^<^tiR  at  a 
temperature  below  2^  VtSSr^f^j^  .acts  violently  on  water,  the  hy- 


drogen  of  which  foHKy  wifhQ|M£hlbrine,  muriatic  acid ;  whiles 
the  oxygen  forms,  with  theTtmwpnorus,  phosphoric  acid.  When 
transmitted  with  oxygen  gas  tnrough  a  red-hot  porcelain  tube, 
chlorine  is  evolved,  and  phosphoric  acid  is  formed,  showing  that, 
at  high  temperatures,  the  affinity  of  oxygen  for  phosphorus  is 
stronger  than  that  of  chlorine. 

8.  C^ioride  or  Prot(hehioride.''^Thongh  this  compound  may  be 
obtained  by  heating  the  per-chloride  with  a  due  proportion  of 
phosphorus,  yet  a  better  method  of  preparing  it  iSi(as  Sir  H.  DaTJ^ 
recomftiends)  to  pass  the  vapour  of  phosphorus  over  corrosive 
sublimate,  heated  in  a  glass  tube.  By  this  process,  proto-chlorid*' 
of  mercury  (calomel)  is  formed,  and  the  remaining  atom  of  chlo* 
rine  unites  with  the  phosphorus.  The  result  is  a  liqAd  of  the 
specific  gravity  1.45,  which  does  not  itself  redden  litmus  pa] 
though  its  fumes  produce  this  effect,  in  consequence  of  bcinj 
dered  acid  by  contact  with  the  moisture  of  the  air.  Tl 
which  results  from  its  action  on  water  is  the  .phosphorous, 
is  best  procured  by  the  intervention  of  this  chloride.  At  the  same 
time  muriatic  acid  is  formed,  by  the  union  of  chlorine  with  the 
hydrogen  of  the  water. 

In  this  compound,  the  chlorine  exists  in  half  the  quantity  which 
constitutes  the  per-chloride,  that  is,  100  grains  of  phosphorus  are 
united  with  300  of  chlorine.  But  in  phosphorous  acid,  100  gndns 
of  phosphorus  are  combined  with  67.5  of  oxygen,  which  last  num- 
ber is,  therefore,  the  equivalent  of  300  chlorine.  Now  as  67.5  to 
300,  so  is  8  to  36 ;  indicating  that  in  the  chloride  of  phosphorus  its 
elements  are  united  atom  to  atom,  while  in  the  per^chlorid^f  two 
atoms  of  chlorine  are  combined  with  one  of  phosphorus. 

Atoms  of  Atom*  of       Weight  af 

PiMwph.  ChloTb  Atamm 

Chloride  of  phosphorus     -     1         +         1-48 
Per-chloride 1         +        2-84 

Art.  3. — Photphonu  with  Iodine. 

Phosphorus  and  iodine  combine  at  the  temperature  of  the  atmo- 
sphere, according  to  Sir  H.  Davy,  evolving  much  heat,  but  no 
light ;  but,  according  to  Thenard,  with  a  disengagement  both  of 
light  and  heat,  a  difference  which  Dr.  Traill  has  shown  to  depend 
upon  the  way  in  which  the  experiment  is  performed.  If  the  phos- 
phorus be  completely  covered  with  iodine,  no  light  is  visible.  The 
result  is  an  iodide  of  phosphorus^  o{  a  reddish  brown  colour,  the 
solidity,  fusibility,  and  volatility  of  which  vary  with  the  propor* 
tions  of  Us  ingredients.  If  both  the  phosphorus  ahd  iodine  are 
dry*  MtlfMi  13  given  out  during  their  combination;  but,  when 
sU^tlf  i&tfstened,  hvdriodic  acid  is  formed,  by  the  union  of  iodine 
with  the  nydrogen  or  the  water ;  a  little  subphosphureted  hydro* 
Vol.  I.  T  t 


%       K^n  is  produrcil; 
Iiydritiilir  aciJ  ^as 
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Sulphur. 


Sulphur,  as  tt  occurs  In  commurcc,  is  n  mtnural  p rod uc lion,  and 
is  brou^lit  tu  this  country  chiefly  from  Sicily.  That  which  U  pro- 
cured in  our  own  ixlund  le  generally  of  very  inferior  qaolity,  ami 
contains  a  porlion  of  the  metal,  from  comhination  with  wmch  it 
has  been  separaU-d.  It  is  met  with  under  two  different  ronns;  of 
u  compact  solid,  which  has  generally  the  shape  of  long  rolb  or 
sticks  ;  snd  of  :l  light  powder  caWciiJlowert  of  nulphur.  la  gentaml, 
the  latter  may  >>c  considered  as  must  pure;  hut  the  two  varictlea, 
it  will  prescnily  appear,  are  readily  convertible  into  each  olbcr  by 
tiw  tDodiGcd  application  of  heat  Its  specific  gravity  is  t.96  or 
\Jlfi-  When  rubbed,  it  emits  a  peculiar  smell,  and  becomes  ncca- 
tively  electric 

Sul]>hur  is  readily  fused  and  volatilized.  When  heated  to  \7V 
of  Fahr.,  it  begins  to  evaporate,  and  to  produce  a  very  disagrcea- 
Iile  smell;  at  185°  or  100°  it  Iwgins  to  melt ;  and  at  2211'  (-2^7' 
Dumas)  is  completely  fluid.  If  the  heat  be  rapidly  increased,  it 
loses  at  350°  its  fluidity,  and  becomes  Arm,  and  of  a  deeper  colour. 
It  regains  its  fluidity,  if  wc  reduce  the  temperature;  and  this  may 
be  repeated  at  pleasure,  in  close  glass  vessels,  if  the  changes  of 
heat  be  not  too  slow ;  in  which  case  it  is  volatilized.  When  lique- 
fied sulphur,  of  a  temperature  not  exceeding  341)°  Fahr.,  is  sudden- 
ly Cooled  by  pouring  it  into  water,  it  liecomes  friable,  and  has  its 
usual  colour  and  opacity. 

It  sublimes  at  600°  ;  and,  according  to  the  greater  or  less  quick- 
ness of  the  process,  and  the  size  of  the  condensing  chamber,  may 
he  collected  either  in  a  solid  form  or  in  that  of  flowers.  (Thenard, 
i.  I9r.)  What  remains  has  lu'en  called  aulphur  v'tvum.  ThisafTorils 
an  example  of  the  process  of  sublimullmt,  which  dilFers  from  dis- 
tillation, in  the  solidity  of  the  product,  tvhlle  the  latter  yields  a 
condeusL'd  lii|uid.  In  this  mode,  sulphur  may,  in  part,  be  purified; 
and  its  purifii'ation  is  completed  by  Ixiiliii);  it  repeatedly  in  distil- 
led water;  then  in  twice  or  thrice  its  weight  of  nitro-muriaiic  acid, 
diluted  with  one  pan  of  distilled  water ;  and,  finally,  by  washing  it 
with  distilled  water,  till  (his  comes  olf  tasteless,  and  incapable  of 
changing  the  blue  colours  of  vegetables. 

Fused  sulphur,  under  certain  circnmsianres,  continues  fluid,  as 
water  docs,  several  degrees  below  itsc.oii^ealingpoini,  but  instant- 
ly solidifies  when  touched  by  a  rod  of  glass,  or  by  a  fragment  of 
solid  sulphur,  (tjiiart.  Journ.  Jan.  1K'2K,  p.  40!).)  If,  after  being 
melted,  it  be  suftered  to  cool  gradually,  it  congLals  in  a  crystalline 
form,  but  so  confusedly,  that  we  cannot  dcfmc  the  shape  of  the 
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crystals,  farther  than  that  they  are  slender  interlaced  fibres.  If  a 
large  mass  be  kept  fluid  below,  while  it  congeals  at  the  surface, 
the  crystallization  there  is  much  more  distinct  M.  Mitscherlich 
has  made  the  discovery  of  two  primary  forms  of  sulphur.  The 
one,  which  occurs  in  nature,  is  an  octahedron  with  a  rhombic 
base ;  the  other,  produced  by  the  slow  cooling  of  fused  sulphur,  is 
an  oblique  rhombic  prism.  When  sulphur  in  complete  fusion, 
viz.  at  300**,  (from  380°  up  to  500°  Dumas,)  is  poured  into  water, 
it  becomes  tenacious  like  wax,  and  may  be  applied  (as  is  done  by 
Mr.  Tassie)  to  take  impressions  from  engraved  stones.  Sec  These 
impressions  are  quite  hard,  when  the  sulphur  has  become  cold. 
It  IS  then  of  a  red  colour,  rather  soft,  and  of  the  specific  gravity 
8.325.  The  phenomena  of  its  being  cooled  under  different  circum- 
stances have  been  lately  examined  by  Dumas.  (Ann.  de  Ch.  et  de 
Ph.  XXXV.  83.) 

When  flowers  of  sulphur  are  digested  in  alcohol,  no  union  takes 
place;  but  if  the  two  bodies  be  brought  into  contact,  when  both 
are  in  a  state  of  vapour,  they  enter  into  chemical  union.  Into  a 
glass  alembic  (see  the  plates  to  this  work,  fig.  £)  put  a  little  sul- 
phur ;  over  this  suspend  a  small  bottle  filled  with  alcohol ;  and  ap- 
ply a  receiver  to  the  pipe  of  the  alembic,  the  head  being  put  into 
Its  place.  Lute  the  junctures,  and  apply  a  gentle  heat  to  the  alem- 
bic. The  sulphur  will  now  be  raised  in  vapour;  and  the  vapour 
surrounding  the  bottle  of  alcohol,  the  latter  will  be  volatilized,  and 
will  meet  in  this  state  the  fumes  of  sulphur.  A  combination  will 
take  place  between  the  two  bodies,  and  sulphurized  alcohol  will 
pass  into  the  receiver.  On  pouring  this  preparation  into  water, 
the  sulphur  will  be  precipitated. 

Sulphur  is  perfectly  soluble  in  boiling  oil  of  turpentine,  which 
may  be  employed  as  a  means  of  determining  its  purity. 

Though  it  had  already  been  suspected  (chiefly  from  the  experi- 
ments of  M.  Berthollet,  jun.)  that  sulphur  contains  hydrogen,  yet 
the  first  unequivocal  evidence  of  the  tact  was  funiished  by  Sir  H. 
Davy.  A  bent  glass  tube,  having  a  platinum  wire  hermetically 
sealed  into  its  upper  extremity,  was  filled  with  sulphur.  The  sul- 
phur was  melted  by  heat ;  and  a  proper  connexion  being  made 
with  the  Voltaic  apparatus  of  500  double  plates,  each  six  inches 
square  and  highly  charged,  a  most  intense  action  took  place.  A 
very  brilliant  light  was  emitted ;  the  sulphur  soon  entered  into 
ebullition ;  elastic  matter  was  evolved  in  great  quantities ;  and  the 
sulphur,  from  being  of  a  pure  yellow,  became  of  a  dark  reddish 
brown  tint.  The  gas  was  found  to  be  sulphureted  hydrogen,  and 
its  quantity,  in  about  two  hours,  was  more  than  five  times  the 
volume  of  the  sulphur  employed. 

Another  proof  of  the  presence  of  hydrogen  in  sulphur  is  derived 
from  the  action  of  potassium ;  for  these  two  bodies  combine  with 
great  energy,  and  evolve  sulphureted  hydrogen,  with  intense  heat 
and  light. 

LasUyi  vhen  dry  sulphur  is  burned  in  dr]^  oxygen  gas.  Sir  H. 
Davy  is  of  opinion  that,  besides  sulphuric  add,  a  portion  of  water 
is  also  formed ;  but  he  is  still  doubtrul  whether  the  hydrogen  in  sul- 
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phnr  can  l>e  considered  as  any  Uiing  more  (lian  an  iccWenUi!  1^^ 
grirdienl.    This  view  of  llic  subject  j»  embraced,  aU(^  by  Derw!H«<'  - 
whu  found,  fcy  healing  nuiphur  will^oxidc  of  lead,  that  the  quantity 
of  water  produced  in  much  luo  mlnvic  to  indicate  uny  drGnile  pro* 
portion  of  hydroKiu  in  suljihur.  '(TO  Ann.  9c  Chim.  1 1!>.) 

Another  ingredient  of  tiilphiir,  jjt  appeared  probable  froin  the 
eiptTiments  nf  Sir  11.  Davy,  ix  ony^n.  For  polaaaium.  afi«r  betag 
made  In  act  on  aulphureted  hydrogen  |^s,  evolved  1cm  hydrogen 
from  watiT.  than  It  ouifht  to  have  done.  It  has  wnce,  however, 
been  pruvctl  by  Oay  Lussac,  that  when  all  sources  of  fallacy  ar« 
avoided,  a  given  weight  of  pataasinm,  which  has  l>ecn  cxpoccd  to 
sulphurcted  hydrogen,  ai-paratps  exactly  the  same  volume  of  hy- 
dro^-n  (ffts  from  water,  as  an  eijual  weiRhl  of  rcccni  metal  Polat- 
sium,  therefore,  acquires  no  oxygen,  from  the  •olphur  whicli  !■ 
'Contained  in  sulphurcted  hydrogen.    (Ibid.  vol.  lixiu.) 

Art.  I. — Stdphut  tnilh  Ojygat. 

Su^hur  ix  inflammable,  and  uppeari  susceptible  of  two  di&tlnct 
^e<iRbUsiion»,  which  tuke  place  at  (lifTerent  temperatures.  Healed 
iii^e  open  air,  to  140°  or  150°  Fahr.,  it  bcg^s  sensibly  to  attract 
oxyifcn ;  and  if  the  tempcralurc  be  raised  to  180'  or  190',  the  com- 
bination becomes  pretty  rapid,  accom^iied  by  a  faint  blue  ligbL 
But  the  heat  evolved  is  scarcely  sensible;  at  least  it  Is  so  weak, 
that  the  sulphtir  may  thus  be  burned  out  of  gunpowder,  and  the 
powder  be  rendered  useless  without  inflaming  it.  Ala  icnipera- 
ture  of  .5f]i)",  its  cumbustion,  though  still  feeble  compared  with 
that  of  some  ulher  bodies,  is  much  more  active,  and  accompanied 
with  a  redder  light.  When  set  on  fire  in  oxyRen  gas,  it  burns  with 
a  very  beauiiful  and  brilliant  light :  but  of  a  given  <|uanlity  of  oxy- 
gen gas,  it  is  nut  possilde  tu  condense  the  whule  by  this  coiubustiou, 
for  reasons  which  heieufier  will  be  M;iu>d.  The  iimduci  of  these 
combusliuus,  when  exuniiuid.  will  be  fuiind  to  be  sulphurous  and 
sulphuric  acid,  Ijut  chieliy  the  forniiT,  and  if  waler  be  careiullv  ex- 
cluded, sulphurous  acid  only  is  formed.  U  is  necessary,  tbeteiore, 
in  order  to  produce  sulphuric  acid,  to  make  the  experiment  over 


Sulphuric  Acid. 

Sulphuric  acid  has  been  known  ever  since  the  time  of  Basil  Va- 
lentine, who  aj>pears  to  liavo  discovered  it  about  the  close  of  the 
I5lh  ceulurv.  h  was  first  extracted  fn.m  sulphate  of  iron  bv  dis- 
tillation, and  was  afterwards  formed  bv  the  nimbustion  of  a  mixlun.- 
ofabinit  I  pari  of  nilrc'and  b  or  Kofiulphur  in  lar);e  glass  vessels, 
over  waler.  I'oi'  glass  vessels,  in  process  of  time,  large  leaden 
chambers,  having  j  siraiuiii  ul'  w^iier  tioating  on  ihe  bonom,  came 
to  be  subsiituied.  'I'be  history  of  llie  successive  improvements  of 
its  manulacture  in  this  country  bus  been  given  at  length  by  Mr. 
Parkes,  in  ihe  second  volume  of  his  Chrmical  Kssays- 
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The  propertiei  of  this  acid  may  be  exhibited  by  a  portion  of  that 
ttiQaliy  found  in  the  shops.    They  are  as  follows : 

Sulphuric  acid  has  a  thick  and  oily  consistence;  as  may  be  seen 
by  pouring  it  from  one  vessel  into  another.  In  a  pure  state  it  is 
perfectly  limpid  and  colourless. 

Adum  of  waier.'^VfYitti  mixed  suddenly  with  water,  cbnsiderable 
heat  is  produced.  Four  parts,  by  weight,  of  concentrated  sulphuric 
acid,  and  one  of  water,  when  mixed  together,  each  at  the  tempera- 
ture of  50*  Fahr.,  have  their  temperature  raised  to  300°.  When 
an  ounce  of  water  has  been  suddenly  mixed  with  three  of  sulphuric 
acid,  and  the  mixture  been  suffered  to  cool  to  the  temperature  of 
the  atmosphere,  an  additional  half  oz.  of  water  raises  it  to  86%  a 
second  to  96%  and  a  third  to  104°.  (Phillips  on  the  London  Phar- 
mac  p-  24.)  The  greatest  elevation  of  temperature.  Dr.  Ure  finds 
to  be  occasioned  by  the  sudden  mixture  or  73  parts  by  weight  of 
strong  sulphuric  acid  with  27  of  water.  This  rise  of  temperature 
takes  place,  because  the  affinity  or  capacity  of  the  conipound  of 
sulphuric  acid  and  water  for  caloric,  is  less  than  that  ot  the  acid 
and  water  separately.  A  diminution  of  bulk  also  ensues ;  that  i^ 
one  measure  of  acid  and  one  of  water  do  not  occupy  the  spaonp^ 
two  measures,  but  about  ^th  less;  and  the  greatest  condensatt^ 
results,  when  those  proportions  are  used,  which  give  the  greatoat 
increase  of  temperature.  Owing  to  the  heat  produced  by  its  ad- 
mixture with  water,  the  dilution,  for  ordinfiry  purposes,  should  be 
conducted  very  gradually ;  and  the  acid  should  be  added  to  the  wa- 
ter by  small  portions  at  once,  agitating  the  mixture  after  each  ad- 
dition, and  allowing  each  portion  to  cool  before  a  fresh  addition  is 
made.  On  the  principle  of  its  attraction  for  water  is  to  be  explain- 
ed, also,  the  rapid  increase  of  weight  which  the  sulphuric  acid  ac- 
quires when  exposed  to  air.  In  one  day,  three  parts  of  concentrat- 
ed sulphuric  acid,  exposed  to  the  atmosphere,  are  increase^SIV 
weight  one  part ;  and  one  ounce,  by  twelve  months'  exposure,HUf 
been  found  to  gain  an  addition  of  Gj.  r?^** 

^  Perfectly  pure  sulphuric  acid  remains  quite  limpid  during  dilu- 
tion. The  sulphuric  acid,  however,  commonly  found  in  the  shops, 
under  the  name  of  oil  of  vitriol  on  admixture  with  water,  deposits 
a  white  powder,  in  considerable  quantity,  consisting  of  various  im- 
purities, but  chiefly  of  sulphate  of  lead.  By  evaporating  100  parts 
of  sulphuric  acid  of  commerce  in  a  platinum  dish,  Dr.  Ure  obtain- 
ed from  one  half  to  three  quarters  of  a  grain  of  solid  matter,  con- 
sisting of  about  two  parts  of  sulphate  of  potassa  and  one  of  sulphate 
of  lei^.  ^Quart.  Joum.  iv.  115.)  Berzelius  has  found  a  minute 
quandtyof  titanium  in  sulphuric  acid  of  English  manufacture,  and 
tellurium  in  acid  prepared  at  Stockholm.  (Thomson's  Annals,  x. 
464.)  Selenium  also  has  been  met  with  in  sulphuric  acid  prepared 
from  pyrites. 

Spmfic  graviiv. — Sulphuric  acid  is  nearly  twice  as  heavy  as  Va- 
ter.  The  specific  gravity  of  the  strongest  pure  acid  that  can  be 
obtained  b  1.850;  but  even  this  contains  19  (according  to  Dr.  WoK 
laaton,  18b44^  per  cent  of  water,  which  appears  essential  to  its  cbn- 
ttitution,  ana  can  only  be  separated  by  camhining  the  acid  with  a 
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base  Dr.  Urc  states  (hat  ^nuine  cammorcial  acid  thoulcl  not  ex- 
ceed 1.8485.  When  denser,  its  purity  may  be  suaprctcd.  It  hu 
bccii  tificertained,  by  Mr.  Ualton,  that  acid,  of  nearly  the  miixiiniim 
strength,  has  its  speci£c  gravity  very  little  altered)  by  adding  or 
subtracting  small  portions  of  «ater.  Thus  acids,  containing  St 
and  80  per  cent,  of  acid,  do  not  difier  more  than  1  in  the  third  plac« 
of  decimals ;  nor  is  the  specific  gravity  proponionally  changed  fay 
dilution  till  it  falls  as  low  us  1.78.  The  strength  of  tbe  more  con- 
cenuated  acid  may  be  better  ascertained  by  observing  how  much 
water  is  required  to  brin^  it  down  to  the  specific  gravity  1.7B.  The 
boiling  point,  also,  Mr.  Dalton  has  discovered,  is  a  much  bettcj- 
test  of  its  strength;  and  he  has  constructed  the  fulluwing  useful 
Table,  iu  which  account  is  taken  of  all  these  circumstances. 


Mr.  Dtdton't  Tabic  of  {lie  QuantUy  of  red  ^cid  in  100  Paft»  g/"  /-*'- 
qiad  Sulp/iuric  ^Hd,  at  ihe  Ttmperaiurt  GO"  /hAr. 


Atoma 
AiHd  Walcr. 

Reil  Acid 

ptr  cent,  by 

Weight 

Ileal  Acid 

Specific 
Gravily. 

Builtng  Point. 

1  +  0 

100 

unknown. 

unknown. 

unknown. 

1  +  0 

81 

150 

1.850 

6*0° 

80 

148 

1.849 

605* 

79 

146 

1.848 

590" 

78 

144 

1.847 

575" 

142 

1.845 

sm- 

76 

140 

1.842 

545^ 

75 

138 

1.838 

530" 

74 

135 

1.833 

515^ 

73 

133 

1.827 

5ur 

74 

131 

1.819 

487" 

71 

129 

1.810 

473" 

70 

120 

1.801 

460= 

f-!> 

124 

1. 791 

447= 

1    +  ■! 

68 

121 

1.780 

435' 

G7 

118 

1. 700 

422° 

06 

116 

1.757 

410° 

65 

.  113 

1.744 

400° 

64 

111 

1.730 

391° 

6.1 

108 

1.713 

382° 

02 

105 

1.699 

374" 

61 

103 

1.684 

367° 

GO 

100 

1.070 

360° 

1   +  3 

58.6 

97 

1.G50 

330" 

50 

76 

1.520 

290° 

40 

56 

1.408 

260° 

1    +   10 

30 

39 

1.30+ 

3Mf 

I   +  1? 

20 

9A 

1.200 

384" 

1   -I  .18 

10 

11 

1.10  — 

218° 
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It  has  been  ascertained  by  Dr.  Ure,  that,  by  adding  about  2i  per 
cent,  of  its  weight  of  sulphate  of  potassa  to  concentrated  oil  of 
vitriol,  its  specific  gravity  may  be  increased  to  1.860.  The  only 
mode,  therefore,  of  ascertaining  exactly  the  strength  of  oil  of  vitriol, 
is  by  saturating  a  known  quantity  with  an  alkali.  Of  these,  the 
carbonate  (sub-carbonate)  of  soda,  deprived  of  all  its  water  by  cal- 
cination, is  best  adapted  to  the  purpose,  and  it  is  sufficiently  near 
the  truth  for  practical  purposes  to  consider  90.75  of  this  alkali  as 
equivalent  to  100  grains  ol  liquid  sulphuric  acid. 

It  is  sometimes  of  importance  to  the  chemical  artist  to  know  the 
proportion,  not  of  real  acidj  but  of  acid  of  commerce^  in  diluted  sul- 
phuric acid  of  different  specific  gravities.  An  approximation  to  the 
true  proportion  may  be  obtained,  by  increasing  the  numbers,  indi- 
cating the  real  acid,  one-fourth.  For  example,  acid  of  the  specific 
gravity  1.200,  contains,  according  to  the  above  table,  20  per  cent, 
of  real  acid;  which,  increased  one-fourth,  gives  25  per  cent.  <^ 
acid  of  sp.  gr.  1.849.  A  very  copious  table  of  the  quantities  of 
'sulphuric  acid  of  commerce  in  acid  of  different  densities,  construct- 
ed by  Mr.  Parkes  from  actual  experiment,  is  given  in  the  40th 
volume  of  the  Philosophical  Magazine,  and  in  volume  ii.  of  hit 
Chemical  Essays,  p.  144.  Its  length  prevents  me  from  inserting 
it.  The  shorter  table  of  Vauquclin,  in  the  30th  volume  of  Nichol- 
son's Journal,  is  rendered  less  fit  for  the  English  chemist,  because 
the  acid,  employed  in  the  experiments  on  which  it  is  founded,  is 
inferior  in  density  to  the  average  acid  sold  in  this  country.  In 
taking  the  specific  gravity  of  sulphuric  acid,  it  is  of  importance  to 
attend  to  its  temperature,  which  must  be  examined  by  a  thermo- 
meter having  its  bulb  perfectly  dry.  According  to  Dr.  Ure,  10** 
Fahrenheit  make  a  difference  in  the  density  of  oil  of  vitriol  of  0.005. 
With  due  attention  to  this,  and  other  necessary  precautions.  Dr. 
Ure  has  constructed  a  table,  which,  as  it  is  of  moderate  lengUiy 
and  exhibits  at  one  view  the  proportion  not  only  of  real  or  drj 
acid,  but  of  liquid  acid,  in  sulphuric  acid  of  different  specific  gra> 
vities,  I  shall  insert  in  the  Appendix.  In  the  memoir  ol  which  the 
table  forms  a  part,  Dr.  Ure  has  endeavoured  to  establish  some  ge- 
neral formulx  for  calculating  the  proportion  of  oil  of  vitriol  in  dilute 
acid  of  any  specific  gravity,  and  also  for  finding  the  specific  gravi- 
ty corresponding  to  a  given  proportion  of  acid.  (Joum.  of  Science, 
iv.  127.) 

Cbn^'e/fl/iow-— Sulphuric  acid,  by  a  sufficient  reduction  of  its  tem- 
perature, may  be  frozen ;  and,  under  favourable  circumstances,  it 
assumes  a  regular  crystalline  form,  a  considerable  degree  of  solidi- 
ty or  hardness,  and  a  density  exceeding  that  which  it  possessed  in 
a  fluid  state.  From  the  experiments  of  Mr.  Kcir,  (Phil.  Trans. 
Ixxvii.)  it  follows  that  there  is  a  certain  point  of  specific  gravity 
(viz,  1.780)  at  which  the  sulphuric  acid  most  readily  coneeals; 
and,  when  of  this  degree  of  strength,  it  requires  even  a  less  (legree 
of  cold  than  is  suflicient  to  freeze  water,  its  congelation  taking 
place  at  +  45°  Fahrenheit.  From  the  specific  gravity  of  1.786,  on 
the  one  hand,  to  1.775,  on  the  other,  it  freezes  at  SG**  Fahrcnheiu 
It  is  singular  that  it  remains  congealed,  at  a  temperature  higher 
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than  Lhiti  originally  rcijuired  for  freczioK  it*     Acid,  foreXKinpIc, 
■       dioSr, 


n 

■  53ti 

I  than  „        .        . 

I  which  iltd  not  become  solid  till  ha  ti^mpcratiirc  was  reduced  i< 

I  remained  frozen  at  43°.     When  of  the  sjiecitic  gravity  nf  I.M3,ai 

I  as  ncaHy  as  poss'ilile  of  that  of  commi^rce,  it  was  f<i«ind  by  Mr. 

I  Macnab  to  freeze  at  —  15°  Fahrenheit;  but  this  acid,  mixed  with 

ruher  more  than  half  its  weight  of  water,  required  for  coofccJa- 

tion  thd  temperature  of  —  36"  Fahrenheit.    (Phil.  Trans,  bani. 

041.) 

Recti/icalion. — 'To  parify  sulphuric  acid,  it  must  be  distilled  in  a 
glass  retort,  placed  in  the  sand-bed  of  a  rcvei-beratory  furaace. 
This  process  requires  considerable  care.  Bui  to  tho«e  who  have 
■uff)cient  experience  in  chemical  operations,  the  following  instno 
tlons  may  be  useful;  especially  as  it  is  indispensable.  In  all  cxpen- 
iiienls  of  reacarch,  to  employ  an  acid  purified  by  distillation. 

The  furnace,  in  which  this  process  is  conducted,  should  have  a 
contrivance  for  supporting  a  sand-bath  within  it  at  a  praper  height, 
and  an  opening  in  the  side,  for  transmitting;  the  neck  of  t)ie  retort. 
(PI,  vii.  figs.  6^  63.)  The  retort  must  be  coated  witli  clay  and  aaix^ 
over  its  whole  body,  and  also  over  that  part  of  the  neck  which  is 
Bppoved  to  the  fire.  It  is  then  to  be  placed,  the  coaling  being  pre- 
viously dry,  in  the  sand-balh,  about  one-half  filled  with  sulphuric 
acid  i  and  a  receiver  must  be  applied  but  not  luted  on.  The  fire 
mast  now  be  lighted,  and  raised  with  extreme  caution.  The  first 
jwrtion  that  comes  over,  amounting  to  aboni  om-sivth,  consistt 
chk'Hy  of  water,  and  may  be  rejected.  TliK  '. -.  !  .!:■■.■•  '■■-  i]\e  con- 
centrated acid;  and,  at  this  period,  theri.  i  iir  neck 
of  the  retort  will  be  broken,  by  the  contact  of  ihc  condensed  acid, 
which  has  a  very  high  temperature,  and  which  freijuenily  cracks 
the  glass,  as  efieclually  as  the  application  of  a  red-hot  piece  of  iron. 
The  fire  must  be  regulated  by  the  rcf;ister  door  of  the  ash-pit,  so 
that  several  seconds  may  elapse  between  the  fall  of  the  drops  into 
the  receiver.  The  process  may  be  continued  as  long  as  any  acid  it 
condensed.  The  retorts  employed  for  this  purpose  should  be  most 
attentively  annealed. 

The  difficulty  of  rectifying  sulphuric  acid  is  much  diminished 
by  using  a  retort  of  the  capacity  of  from  two  to  four  quarts,  when 
a  pint  of  the  acid  is  employed,  and,  by  connecting  its  neck,  with 
the  receiver  by  means  of  an  adopter  three  or  four  feet  long.  The 
retort  may  be  set  over  a  charco;d  fire,  and  the  fiunie  made  to  play 
gently  on  its  bottom.  N'o  luting  is  to  be  em|)loycd,  and  the  receiv- 
er is  lo  be  surrounded  with  cold  water.  With  this  arrangement, 
and  a  cmiious  rri,'ul,ition  of  the  heat,  Dr.  Ure  finds  that  sulphuric 
acid  iiiav  lie  di.tilli'd  without  much  risk,  in  a  continuous  gentle 
Htrrani,  (Quiut.  .Tour.  iv.  llO.)  The  siulilcn  explosions,  that  oc- 
casionally  l:;i]>pen  dtiiing  the  process,  may  be  prevented  either  by 
putlii);;  irilo  the  nlfirt  a  few  sharp-pointed  pieces  of  glass,  or  some 
slips  of  iilatinnm,  as  recommended  by  Jlr.  Krande.  (See  also  Fa- 
railay's  fliemical  Manipulation,  seel.' 4(19.) 

Sul]>huiir  acid  may  be  less  perfecily  jiurified  by  diluting  it  with 
an  equal  weight  of  water,  allowing  (he  inijiurities  to  settle,  decant- 
ing the  clear  liquor,  and  concentrating  it  to  the  proper  decree  in  a 
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glass  retort*  When  purified,  it  is  important,  to  its  perfect  preser- 
vation, to  keep  it  in  well  stoppered  bottles,  and  carefully  to  ex- 
clude all  combustible  matters,  which  decompose  it  and  give  it  a 
dark  colour. 

CVwiponfum.— The  following  table  exhibits  the  proportions  of 
sulphur  and  oxygen,  deduced  from  different  experiments,  in  100 
parts  of  real  sulphuric  acid: 

Solphnr.  Oxma* 

From  the  experiments  of  Berthollet     -    -  -  43.28  -  56.72 

Klaproth       -    -  -  42.20  -  57.80 

Bucholz         -    -  .  42.50  -  57.50 

Berzelius       -    -  -  39.92  -  60.08 

Proportions  admitted  by  Dr.  Woilaston  -  -  40.0  -  6a 0 

If  the  proportions  be  taken  at  40  sulphur  and  60  oxygen,  and  if 
the  acid  consists,  as  Mr.  Dalton  supposes,  of  1  atom  of  sulphur 
and  3  atoms  of  oxygen,  the  atom  of  sulphur  will  weigh  16;  for  as 
(60  -i-  3  =>)  20  is  to  40,  so  is  8  to  16.  We  may  consider,  then, 
the  following  numbers  as  representing  the  atomic  weights  of  sul- 
phur and  sulphuric  acid : 

Weight  of  the  atom  of  sulphur 16 

Real  sulphuric  acid  =s  1  atom  sulphur  +  3  oxygen      40- 
Liquid  sulphuric  acid  a  real  acid  +  1  water      -    -    49 

According  to  Gay  Lussac,  sulphuric  acid  is  decomposed  by  heat 
alone,  and  is  resolved  into 

Two  volumes  of  sulphurous  acid  gas, 

One  volume  of  oxygen  gas, 
which,  in  sulphuric  acid,  supposing  it  gaseous,  are  condensed  into 
two  volumes. 

n^nhydrouB  Suipkuric  Add, 

Besides  the  sulphuric  acid  already  described,  there  is  another 
kind,  called,  from  the  place  where  it  has  long  been  manufactured, 
the  Sulphuric  Acid  of  Nordhaunen.  It  is  prepared  by  distilling  the 
dry  proto-sulphate  of  iron,  or  the  same  salt,  deprived  of  water  by 
strong  sulphuric  acid.  Gmelin  has  procured  it  during  the  rectifi- 
cation of  common  sulphuric  acid,  by  changing  the  receiver  at  the 
moment  when  it  is  filled  by  opaque  vapours,  and  surrounding  the 
fresh  receiver  with  ice.  The  anhydrous  acid  deposits  itself  on  the 
inner  surface  of  the  receiver.     (32  Ann.  Ch.  et  Ph.  223.) 

This  acid  is  much  used  in  dissolving  indigo.  It  has  been  inves- 
tigated by  Dr.  Thomson  (System  of  Chemistry,  6th  edit  iL  113, 
and  First  Principles,  i.  214,)  and  by  M.  Bussy.  (Ann.  of  Phil.  N. 
S.  viii.  259,  and  Ann.  dc  Ch.  et  de  Ph.  xxx.  23.)  Its  colour  is  al- 
ways dark,  and  it  is  opaque.  Its  specific  gravity  is  1.896.  When 
exposed  to  the  air,  it  smokes,  in  consequence  of  its  avidity  for 
moisture.  It  boils  at  a  temperature  between  104^  and  122*^  Fahr. 
When  heated  in  a  glass  retort,  to  which  a  receiver  is  luted,  sur- 
rounded by  a  mixture  of  snow  and  salt,  one  half  of  the  acid  passes 
over  iu  a  solid  stale,  forming  a  snow-white  substance,  which  re- 
Vol.  I.  U  u 
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scniblMai.lics.tus.  This  wmAyi/MfUir  (ufoAurie  urii/, op  real  •nlphiiric 
iicitl  fri^c  from  waltr.  In  llic  rtiort  llicrt  remain*  ■  liquid  k-H, 
cutuiiting  or  I  atom  of  acitl  and  1  atom  of  walcft  corresponding, 
thcrcforf,  with  common  oil  ot  vitriol. 

Anhfdrmu  ni^hutv:  add  smokes  jttron|j[Iy  oil  exposure  lo  the 
air,  and  is  dixitiiiaicd  so  speedily,  that  h  cannot  be  weighed.  Dr. 
Thomson  lias  obtained  it  cry»talll»eil  in  Qat  rhomboids  iiuiw  tnnv 
pitrent,  the  larp:  faces  deviating  very  Utile  from  90'.  u  liijucfic* 
at  about  ^6°  I'ahr.,  and  is  then  more  fluid  iliaii  cummon  suli>liuri[. 
acid,  and  has  a  high  refractive  power.  At  that  temperature  it  ku 
the  specific  gravity  of  l.Sr.  It  dissolves  sniphur,  nnd  acijuirvt  a 
fine  blue  colour,  which,  if  more  sulphur  1«;  added,  b  changed  to 
gKcn  and  brown.  It  aUo  unites  with  selenium  and  with  Iodine.  (37 
Ann.  dc  Ch.  et  Ph.  189.) 

W'keu  the  solid  acid  iH  dropped  into  water,  it  contbines  aith 
that  liquid  so  violently,  as  to  make  a  noise  rcsctnbUng  (he  i})iaich. 
ing  of  a  bur  of  rcd-hol  iron.  In  the  proportion  of  2  aioma  lu  I 
Mom  of  water,  it  constitutes  U)u  Nunlhuu&eu  acid,  the  atomic 
weight  of  which  is,  therefore,  80  +  9  »  39.  This  acid,  according 
to  BclUni,  hati  the  specific  gravity  of  1.843,  nt  50°  Falir.,  and  con- 
geals at  a3.6°.  FJiposed  to  the  air,  at  nearly  a  frectin)^  t(!nn|>era- 
lurCf  it  yields  crystals,  wliicli,  when  separated  and  llqueBed,  girc 
a  fluid  of  sp.  gT.  1.78.  It  is  condensed  by  frcczini^.  and  1000  parts 
of  density  1.76  become  9S5  parts  of  solid  acid.  (Quart.  JoMm.  M 
series,  lii.  224.) 

SuiphuTout  Add. 

Sulphurous  acid  was  discovered  by  Priestley.  It  may  be  formed, 
Isl,  by  burning  sulphur  at  u  low  temperature  in  common  air,  under 
a  glass  bell ;  and  if  slips  of  linen  cloth,  dipjied  in  a  solution  of  po- 
tusAt  t>c  exposed  to  the  vapour,  the  alkali  forms  a  combination 
irith  the  sulphurous  acid,  which  may  afterwards  be  washed  off  and 
evaporated.  The  dry  salt,  distilled  with  liquid  tartaric  acid,  gives 
sulphurous  acid  gas.  An  improved  apparatus  for  this  distiUatUMi 
is  described  by  Mr.  Faraday.    (Chcm.  Maulp.  sect.  415.) 

2dly.  It  is  formed  exclusively  when  sulphur  is  burned  in  dry  oxjr* 
gen  gas.  The  gas,  when  restored  to  its  original  temperature,  is 
tound  to  be  contracted  y^th  or  -[^th  of  its  bulk  ;  bul  this  is  probably 
owing  to  the  hydrogen  contained  in  sulphur,  for  there  is  every  rea- 
son to  believe  that  oxygen  gas,  by  becoming  sulphurous  acid,  is 
not  at  all  changed  in  volume. 

3dly.  By  heating  red  oxide  of  mercury  with  one-fourth  of  its 
-weight  of  sulphur,  sul|ihurous  arid  is  produced,  in  the  proportion 
of  about  a  cubic  inch  (or  overy  five  grains  of  the  oxide. 

4lhly,  By  boiling  one  part  by  weight  of  mercury  with  aix  or 
seven  of  sulphuric  acid  lu  dryness  in  a  glass  retori,  and  then  raisine 
the  heat,  sulphurous  acid  gas  is  funned,  anil  may  be  collected  and 

E reserved  over  (|uicksilver.     Half  an  ounce  of  mercury  is  sufficieBl 
»r  the  production  of  several  pints  of  the  gas. 
Its  properties  arc  the  following ; 
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It  has  a  punf^nt  and  sufibcatinii^  smelly  exactly  ivscmbling  that 
which  arises  when  sulphur  is  burned  in  the  open  air. 

Specific  gravity, — It  is  more  than  twice  as  heavy  as  atmospheri- 
cal air.  One  hundred  cubic  inches  are  stated  by  Mr.  Kirwan  to 
weigh  r0.215  grains,  which  would  make  its  specific  gravity  2.265. 
By  Sir  H.  Davy,  the  same  volume  is  said  to  weigh  68  grains :  this 
would  give  the  specific  gravity  of  2.23,  which  agrees  almost  exactly 
with  the  statement  of  Thenard  ( i.  685. )  According  to  a  calculation 
of  Dr.  Thomson,  founded  on  the  proportion  of  its  elements,  its 
specific  gravity  should  be  2.222.  Berzelius  finds  it  by  experiment 
to  be  2.247.    (Ann.  de  Chim.  et  Phys.  v.  178.) 

JAqtirfactianr^Mon^  and  Clouet  long  ago  asserted,  that  if  the 
gas  be  exposed,  at  the  same  time,  to  a  temperature  of  31^  Fahren- 
heit, and  to  great  pressure,  it  assumes  a  fluid  state.  Mr.  Faradav, 
by  producing  it  from  mercury  and  concentrated  sulphuric  acid 
sealed  up  in  a  bent  tube,  obtained  the  sulphurous  acia  in  a  liquid 
state,  lie  describes  it  as  very  limpid  and  fluid,  and  quite  colourless. 
Its  refractive  power  appeared  to  be  nearly  equal  to  that  of  water* 
It  does  not  solidify  at  a  temperature  of  0^  Fahr.  When  a  tube  con- 
taining it  is  opened,  it  does  not  rush  out  as  with  an  explosion,  but 
a  portion  of  the  liquid  evaporates  rapidly,  cooling  another  portion 
so  much  as  to  leave  the  latter  in  a  liquid  state  under  common  ba- 
rometric pressure.  It  rapidly  dissipates,  however,  without  appear- 
ing in  visible  fumes,  but  with  a  strong  odour  of  sulphurous  acid, 
leaving  the  tube  perfectly  dry.  A  portion  of  the  vapour  collected 
over  mercury  proved  to  be  pure  sulphurous  acid  gas.  A  piece  of 
ice,  dropped  into  the  fluid,  instantly  made  it  boil,  from  the  heat 
communicated  to  it  ^'he  specific  gravity  of  liquid  sulphurous 
acid  is  al>out  1.42.  At  45°  Fahr.  it  exerts  a  pressure  of  about  two 
atmospheres,    (i'hil.  Trans.  1823,  p.  IIK).) 

M.  Bussy,  also,  has  produced  Uqtdil  anhydrous  atilphurous  add 
from  a  mixture  of  equal  parts  of  mercury  and  sulphuric  acid  in  a 
matrass.  The  gas  was  first  passed  into  a  vessel  surrounded  with, 
powdered  ice  or  snow,  which  condensed  much  of  the  moisture,  and 
from  thence  was  conveyed  through  a  long  tube,  filled  with  recently 
fused  chloride  of  calcium,  into  a  small  matrass  surrounded  by  a 
freezing  mixture  of  two  parts  ice  or  snow  and  one  part  of  common 
.salt.  In  this  last  vessel,  the  gas  was  condensed  into  a  liquid  under 
the  ordinary  pressure  of  the  atmosphere. 

The  liquid  anhydroirs  acid  thus  procured  is  colourless,  transpa- 
rent, of  sp.  gr.  about  1.45,  and  boils  at  a  temperature  of  14°  Fahr. 
It  may  easily,  however,  be  preserved  a  considerable  time ;  for  the 
cold,  produced  by  the  volatilization  of  a  part,  lowers  the  tempera- 
ture of  the  rest  below  its  boiling  point.  It  is  exceedingly  volatile, 
insomuch  that  mercury  may  be  readily  frozen  in  a  therniometer 
tube  by  surrounding  the  ball  with  cotton  wetted  by  the  liquid  acid. 
By  its  means,  also,  other  gases  may  be  liquefied  under  little  addi- 
tional pressure,  as  chlorine,  ammonia,  and  cyanogen.  (Ann.  of 
Phil.  N.  S.  viii.  307.) 

Jiciion  on  animals. — In  a  gaseous  state,  sulphurous  acid  extin- 
guishes burning  bodies,  and,  when  respired,  kills  animals. 
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On  silk.— It  has  the  property  of  whitening  or  bleaching  aillE,  ud 
of  giving  it  luntre,  and  remoTts  fruit  stain*  from  woollen  cloth. 

Sdatiim  to  uniler. — Of  sulphuroiii  acii!,  wattr  absortiit  53  linui 
itH  bulk,  or  one-ckvcnih  of  iw  weight,  caloric  is  evoUctl,  nnd  the 
Boluiion  at  68"  has  thn  specific  gravity  1.0513.  Mr-  n»Hoii  stato 
Uic  quantity  absorbed  to  be  only  22  timrs  the  bulk  of  ihi-  watcf. 
From  the  soluilou,  when  recently  prrparcd,  the  gas  tnay  be  nfpa- 
raiud  by  beat,  hut  not  by  congelation.  The  watery  aoluUon  ilon 
not  redden  infuxion  of  litmus,  as  acids  in  ^meral  do,  hut  loun* 
destroys  its  colour.  Hence  its  use  in  bleac.hinj  •cTrral  vegetable 
and  animal  iubstanccH.  It  rrslow's  tlic  colour  of  synip  of  rialctt> 
which  has  been  reddened  by  other  acids.  (Nicholson's  Journal,  xrii. 
S03.1 

Jihuafjtlion  fnf  tutphitric  odr/L—SuIpliuric  add,  satsrated  with 
thiK  gas,  by  passing  tho  g'sx  through  the  acid,  ac(|ulrv9  a  atroag 
smell,  a  yellowish  brown  colour,  smokes  when  exposed  to  ih*  ■Ir, 
antl  ban  the  properly  uf  being  rendered  solid,  by  a  modermtc  reduc- 
tion of  its  temperature.  When  dlMiIli-d,  the  first  product,  which 
impound  of  the  two  acids,  assumes  a  solid  form. 


liv  borax. — Sulphurous  ucld  is  absorbed  by  crystal  Used  borax, 
and  by  means  of  this  property,  first  observed  by  I)r.  Priestley,  Clw- 
k\  observes,  may  lie  separated  from  carbonic  acid  and  aome  oiher 
gases.    (B3  Ann.  dc  Chmi.  2,19.) 

If  sulphurous  acid  gas  and  fk-sh  muriate  of  tin  arc  brought  into 
eontact  over  mercury,  ihc  volume  of  ihe  gas  is  speedily  diminished. 
Biilnhur  is  dcjiDsitud,  and  the  prolo-muriatc  becomes  a  pcr-murintc 
oflin.    (Atc«m.) 

It  is  decomposed  when  submitted  to  thcheat  of  ignition,  in  con- 
tact with  certain  combustible  Ixidies.  Thus,  when  a  mixture  of 
sulphurous  acid  and  hydrogen  gases  are  driven  through  a  red-hot 
porcelain  tube,  the  oxygen  of  the  acid  combines  with  the  hydrogen, 
and  forma  water,  and  sulphur  is  obtained  in  a  separate  form.  The 
.  sulphurous  acid  is  decomposed,  also,  when  transmitted  over  red- 
hot  charcoal  j  and,  as  appears  from  (lav  I.ussac's  ex[>eriments,  by 
potassium. 

From  the  testimony  of  the  same  chemist,  we  learn  that  100  parts 
of  sulphur,  lo  become  sulphurous  acid,  unite  with  95  by  weight 
oxygen.  The  following  Table  shows  the  numbers  derived  from 
different  authoriii<:s,    Sulphurous  acid  contains  i>er  cent. 

Sqlphui.  O^lBiB. 

According  to  (iav  I.ussac      51.,'>()    -     -     ^8.70 

Ilerxelius    -     50.03     -     -     49.97 

Thomson     -     5.3.0      -     -     47,0 

The  true  <iuanlilics  are  probably  equal  weights  of  each  tlcnXBi; 

and,  as  the  relative  weight  of  the  atom  of  sulphur  is  double  thai  of 

oxygen,  sulphurous  acid  consists  of 

1  atom  of  sulphur       -     Ifi 

2  atoms  of  oxygen  1G 
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In  volumes,  it  is  constituted  of 

1  volume  of  vapour  of  sulphur     >  condensed  into  1  volume. 
1  volume  of  oxygen   -    -    -    -     3 

Oxy^Cfio/ior)— Sulphurous  acid  is  converted  back  to  the  state  of 
sulphuric  by  restoring  oxygen  to  it. 

1.  A  mixture  of  oxygen  and  sulphurous  acid  gases,  both  perfect* 
ly  dry,  and  standing  over  mercury,  is  not  diminished  by  remaining 
in  contact  with  each  other  during  some  months ;  but,  if  a  small 
quantity  of  water  be  added,  the  mixture  soon  begins  to  diminish, 
and  sulphuric  acid  is  formed.  Or  if  water  impregnated  with  sul- 
phurous acid  be  exposed  to  oxygen  gas  in  a  tube,  the  oxygen  in  10 
or  14  days  is  imbibed,  and  sulphuric  acid  formed.  The  same  gases 
in  a  state  of  mixture  ufford  sulphuric  acid  by  the  action  of  electri- 
city, or  by  being  driven  through  a  red-hot  porcelain  tube.  The 
proportions  required  for  mutual  saturation  are  two  measures  of 
sulphurous  acid  and  one  of  oxygen  gas. 

2.  When  to  a  portion  of  water,  saturated  with  sulphurous  acid 
gas,  a  little  per-oxide  of  manganese  is  added,  the  pungent  ^mell  of 
the  water,  and  the  other  characteristics  of  sulphurous  acid,  will 
soon  disappear. 

S.  Sulphurous  acid  gas  is  condensed  into  sulphuric  acid  by  ad- 
mixture with  chlorine  gas,  provided  the  gases  are  in  contact  with 
water.  In  the  latter  case,  the  hydrogen  of  the  water  unites  with 
the  chlorine,  and  the  oxygen  with  the  sulphurous  acid. 

Jlciian  anniirous  gas. — Dry  nitrous  acid  gas  has  no  action  on  dry 
sulphurous  acid ;  but,  when  placed  in  contact  with  a  small  quantity 
of  water,  all  these  bodies  act  mutually  and  rapidly  on  each  other ; 
the  nitrous  acid  gas  yields  a  portion  of  its  oxygen  to  the  sulphu- 
rous acid,  from  whence  result  hypo-nitrous  acid  and  sulphuric  acid, 
both  of  which,  combining  with  water,  form  white  flakes  upon  the 
inside  of  the  balloon.  These  flakes  are  made  up  of  congeries  of 
small  crystalline  nee^dles.  Water,  brought  into  contact  with  these 
crystals,  dissolves  the  sulphuric  acid,  and  nitrous  gas  is  liberated 
with  eflcr\'escence.  By  means,  therefore,  of  a  small  quantity  of  ni- 
trous gas,  we  may  transform  a  large  quantity  of -sulphurous  acid 
into  sulphuric  acid,  provided  the  acid  gas  be  mingled  with  half  its 
volume  of  oxygen,  or  with  an  ec|uivalent  quantity  of  atmospheric 
air.  The  phenomena  are  l)eautifully  exhibited  by  admitting,  into 
an  exhausted  and  dry  glass  balloon,  flrst  SO  measures  sf  sulphurous 
acid,  next  15  of  oxygen,  and  then  5  of  nitrous  gas.  No  perceptible 
change  takes  place  till  a  little  water  is  introduced,  suflicient  to 
moisten  the  inside  of  the  vesst^l,  when  the  small  quantity  of  red 
nitrous  acid,  formed  on  adding  the  nitrous  gas,*  disappears,  and 
composes  the  crystalline  substance  already  described.  When  these 
crystals  have  been  deposited  on  the  inside  of  the  balloon,  and  a 
small  quantity  inoiv  of  watiM*  is  admitted,  there  is  an  immediate 
effVjrvescence  from  the  rscapc  of  nitrous  gas,  which,  meeting  with 
oxygen  gas,  ap(ain  becumcs  nitrous  acid,  and  this,  acting  upon  the 
sulphurous  acid,  the  same  combinations  ensue  as  1>efore,  and  may 
be  rcpt*ated  as  long  as  suflicient  sulphurous  acid  and  oxygen  remain. 

Tlieory  of  the  jnvihicfian  of  miljmurir.  acid, — It  is  by  a  scries  of 
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Operations  nf  this  kind,  tlinl  the  forraation  of  Kulnhuric  aciil  imcr- 
fi;i-tK<I  in  tht!  ordinary  pruce.ia  for  pre|iaring  iL  The  iiilric  »cid< 
present  in  the  sallpttre.  abainionB  part  of  its  oxygen  lo  one  porlton 
of  the  sulphur,  which,  becoming  sulphuric  ac'iK,  unites  with  the 
potassn  of  the  nitric.  At  the  name  mtiment  nili-ou*  t^as  »  act  at 
liberty,  which,  with  the  oxy^n  pr«M.-i)l  in  the  ulr  uf  iliv  chunb«r, 
cuni|io<teR  nitrous  acid  f^ss.  Another  portion  of  tutphur  ii  convert- 
ed into  sulphurous  acid,  which  l>r<:umRM  sulphuric  acid  \>y  dq>rit- 
ing  the  nitrous  acid  of  oxygen,  tlic  Utter  acid  iKine  brouglii  bock 
to  the  state  of  nitrous  (fas.  Ttils  |^a,  absorbing  Uie  atmospheric 
oxygen,  again  bcconica  nitrous  acid,  wjiich  chungea  t,  frcBh  ponion 
of  sulphurous  into  sulphuric  sicid.  This  throry  woa  first  sugse*t- 
«d  hy  MM.  Clement  and  Dexornus.  It  has  been  since  modi&rd  by 
Gay  Lussac,  who  supposes  that  iiitrtnu  acid,  and  not  niirotts  gas, 
is  disengaged  from  nitrate  of  polassa.  Out,  even  if  this  be  admit- 
ted, the  subseijuent  steps  of  the  process  arc  still  explicable  an  ibt; 
original  theory,  which  satisfactorily  explains  why  so  smatl  a  prv- 
portiun  of  nitre  as  one-eighth  Is  adequate  lu  the  conversion  of  sul- 
|»hur  into  sulphuric  acid,  though  capable  of  supplying  only  a  very 
small  share  of  the  oxygen  eaaeniial  to  this  change- 

Of  Hypo-sulphurous  Jieid. 

This  acid,  like  the  hypo-nitrous,  exists  only  in  cotnbination  with 
salifiable  bases,  forrning  compounds  which  wtic  first  exaniined  In 
1813  by  day  Lussac,  and  were  called  by  luM  ^"/  '...r  •nljihitet. 
Beside  other  methods  of  preparing  tUuse  ^,.:  r  itiey 

might  be  obtained  by  digesting  the  solution  of  a  sulphite  with  sul- 
phur, an  additional  quantity  of  which  might  thus  be  made  to  com- 
bine with  the  sulphurous  acid.  It  had  also  been  long  ago  observed 
by  Mr.  Higglns  of  Dublin,  that  liqiud  sulphurous  acid  dissolves 
iron  without  effervescence  ;  and  BerUiollet  afterwards  showed  that 
in  this  case  the  iron  is  oxidized'  at  the  expense  of  the  sulphurous 
acid,  and  that  sulphur  is  disengaged,  which  immediately  unites  with 
the  sulphite  of  iron,  forming  a  sulphuretcd  sulphite. 

Dr.  Thomson  appears  to  have  been  the  first  who  took  a  just  view 
of  these  phenomena.  (SysL  of  Chcm.  9th  edition.)  The  new  cola- 
pound  he  found  to  be  a  neutral  salt,  containing  a  peculiar  acid  of 
sulphur,  to  which  he  gave  the  name  of  hypo-guiphurous  aeul,  and 
to  Its  compounds  that  of  hi/po-rulp/iilet. 

These  compounds  have  been  since  examined  with  great  ability 
by  Mr.  Herschell  (Edin.  Phil.  Joum.  i.  8  and  36),  who  has  not, 
however,  succeeded  in  his  attempt  to  exhibit  the  acid  in  a  separate 
states  nor  indeed  does  it  appear  capable  of  existing  permanently 
when  unconibined  with  a  base.  From  the  experiments  of  Mr.  Her- 
schell, as  well  as  from  his  own.  Dr.  Thomson  formerly  inferred  it 
to  be  a  compound  of  1  atom  of  sulphur  +  1  atom  of  oxygen,  and 
its  representative  number  to  be  16  -(-  8,  ^=  -ZA.  He  has  since,  how- 
ever, in  an  essay  on  chromium  (published  in  the  Phil.  Trans,  for 
I8i6),  deduced  the  composition  of  hypo-sulphurous  acid  to  be  2 
Uoms  of  sulphur  (32)  +  I  atom  of  oxygen  (6)  together  40;  but 
iti  precise  constitution  cannot  yet  be  considered  as  sufficienltyesta- 
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blUhed.    lis  properties  will  again  come  under  review  in  speaking 
of  the  several  hypo-sulphites. 

Hypo-sulphuric  Add. 

This  acid  was  discovered  by  Welter  and  Gay  I^ussac  Their  pro- 
cess for  forming  it  consists  in  passing  a  current  of  sulphurous  acid 
through  water,  m  which  finely  powdered  peroxide  of  manganese  is 
kept  mecbanicmlly  suspended.  There  is  immediately  produced  a 
perfectly  neutral  solution,  consisting  of  hypo-sulphate  and  common 
sulphate  of  manganese.  When  the  solution  is  sufficiently  concen- 
trated^ pure  baryta  is  added  to  the  previously  heated  liquor,  and 
agitated  along  with  it,  taking  care  to  employ  an  excess  of  the  earth. 
All  the  oxide  of  manganese  is  thus  separated ;  and,  sulphate  of 
baryta  being  insoluble,  the  filtered  liquor  contains  only  the  hypc^ 
sulphate  and  the  redundant  baryta.  The  latter  is  to  be  separated 
by  a  stream  of  carbonic  acid,  and  subsequent  ebullition  to  expel  any 
excess  of  carbonic  acid.  The  hypo-sulphate  of  baryta  is  then  to  be 
crystallized,  dissolved  in  water,  and  decomposed  by  just  the  quan- 
tity of  sulphuric  acid,  which  is  required  to  precipitate  the  baryta. 
The  filtered  liquor  is  to  be  concentrated,  by  exposing  it  under  the 
exhausted  receiver  of  an  air-pump,  along  with  a  shallow  vessel  of 
sulphuric  acid,  till  it  has  attained  the  density  of  1.347.  If  continued 
to  be  exposed,  it  is  resolved  into  sulphurous  acid  which  exhales, 
and  sulphuric  acid  which  remains  liquid.  Heeren  advises  that  when 
sulphurous  acid  is  passed  over  black  oxide  of  manganese,  the  ox- 
ide should  be  finely  divided  and  the  temperature  low.  The  largest 
portion  of  the  hypo-sulphuric  acid  is  formed  at.the  commencement 
of  the  process.  (Ann.  de  Chim.  et  de  Phys.  x.  312.  See  also  Heeren^ 
QuarL  Journ.  New  Ser.  ii.  473.) 

Oxygen  gas,  atmospheric  aift -chlorine,  concentrated  nitric  acid, 
and  red  sulphate  of  manganeses,  are  all  inert  on  it  at  common  tem- 
peratures. Zinc  is  dissolved  by  it,  and  hydrogen  gas  is  disengaged 
by  the  decomposition  of  water,  and  there  remains  in  solution  hypo- 
sulphuric  acid  combined  with  oxide  of  zinc.  It  completely  saturates 
salifiable  bases,  and  affords  neutral  and  soluble  compounds  with 
baryta,  strontia,  lime,  and  protoxide  of  lead ;  whereas  sulphuric 
acid  yields  insoluble  compounds  with  all  those  bases.  At  common 
temperatures  these  salts  are  permanent,  but,  when  heated,  sulphur- 
ous acid  escapes,  and  they  pass  to  the  state  of  sulphates,  which  are 
still  neutral. 

Hypo-sulphuric  acid  has  been  inferred  to  be  composed  of  100 
parts  of  sulphur  -f  125  oxygen,  setting  apart  that  which  is  in  the 
water  essential  to  its  existence ;  or  we  may  consider  it  as  a  com- 
pound of  100  parts  of  sulphurous  acid  -f  125  oi  sulphuric.  Hence 
we  have  the  four  foUowipg  acids  with  base  of  sulphur. 

Vob.  of  Atonu  of 


Sul.         0\y.  Sul.       Oxy.  At.  Wi. 

1.  Hypo- sulphurous  acid  -     1-1-0.5  -  1  +   1  -     24 

2.  Sulphurous  acid  -     -     -     1   -|-   !•  -  1  -f  2  -     3j2 

3.  Sulphuric  acid     -     -     -     1   -J-   1.5  -  1  -J-  3  -     40 

4.  Hypo-sulphuric    -    -     -    2  -f  2.5  -  2  -}-  5  -     72 


lOIDIFIABI.K   DODIKS. 


AnT.  S. — Sulphur  ufilh  Chtorint. 

Sulphur,  when  healed  in  coniact  with  clttorinc  ga*,  or  even  when 
cKpused  to  U  ut  commou  temperoturr*,  absorb*  it,  and  rorms  a 
singular  compouniJ,  fir«i  described  by  Dr.  Tlioinsion  (Nkhtilson'* 
JournAli  8vo.  vol.  vt.),  and  aficrwiiriU  tuveut^-uted  by  Bcrihollct, 
iun.  (Mem.  d'Areucil,  torn,  i.)  Ten  ^ains  alihoi'b  ulmuti  ATi  cubic 
inchcii  of  K^j  vhich  i(  nearly  in  the  ^ruportion  of  IC  (the  trct^hl 
of  un  atom  of  sulphur^  to  $6  (the  weit;ht  of  an  atom  of  cUoriae). 
It  appears,  indeed,  tu  Ex:  a  true  binary  compound  or  ehitoridt  tftmh 
pkur,  and  ila  alumic  weifihl  is  16  -f  3(i  =  3S. 

This  fluid  is  volatile  below  200"  I-'nhrcnheit.  Its  colour  U  red  bj 
r(;{lected  light,  but  yellowish  given  lfl|lranHiuJited  Ughl.  Il  emits 
fumes,  which  arc  peeuUarly  acrid,  auT^wbicli  cscite  a  copioas  How 
of  tearii.  U&  ftpecihc  gravity  is  l.<X  When  agitated  with  about  an 
caual  volume  of  water,  an  ucitve  ebullition  imd  great  <Itteii|;:af^tarD( 
oi  heal  take  place;  iiulphur  li  de|MuU:d;  and  tlit-  residuum  Uttuid 
contains  muriatic  and  sulphurous,  and  a  small  ((uauiity  of  nl{»huric, 
acids.  Hence  ihc  waicr  is  dccomitosed.  and  while  its  hydrogen 
unites  with  the  clitorine,its  oxygen  combines  with  the  greater  part 
of  the  sulphur.  Alcohol  and  ether  are  decoinposcd'wlth  appear- 
ances of  still  more  intense  action,  and  it  disunites  also  the  elcntents 

Mercury  acts  strongly  upon  this  liquid;  its  stirfnce  is  first  tar- 
nished, great  heat  is  evohed,  and  a  grey  powder  is  formed,  which 
is  a  mixture  of  sulphur  and  chloride  of  mercury. 

It  reddens  vegetable  blue  colours;  but  not  till,  by  its  action  on 
water  or  on  hydrogen,  muriatic  acid  has  been  produced.  Some 
chemists  have  considered  it  as  an  acid,  and  have  proposed  to  call 
it  the  c/Uoro-mlplmnc  ami;  but  besidM  being  deficient  in  the  other 
(lualilies  of  acids,  it  does  not,  like  true  acids,  unite  with  saliEable 
bases,  and  form  peculiar  salts. 

Sulphur  with  Iodine. 

Sulphur  and  iodine  unite  at  a  gentle  heat,  and  a  black  radiated 
compound  is  formed,  resenibling  sulphurel  of  antimony.  It  is  ea- 
sily decomposed  at  a  degree  of  heat  a  little  al>ovr  that  at  which  it 
iras  produced,  and  iodine  is  detached  from  it  in  vapour.  Its  pre- 
cise composition  is  unknown. 


SECTION  Vll. 


In  the  chamlwrs  for  manufar hiring  sulphuric  arid  from  the  sul- 
phur which  is  pifKui'i'd  at  I'ahluti  in  Sweden,  a  reddish  mass  is 
deposited,  which  is  principally  sulphur.  This  substance,  in  bum- 
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ing,  gives  out  an  odour,  which  induced  Bcrzclius  to  suspect  that 
it  contained  tellurium,  but  on  a  minute  examination  he  discovered, 
in  1818,  instead  of  that  metal,  a  body  with  entirely  new  properties, 
to  which  he  has  applied  the  name  of  aelenitmi.  The  process,  by 
which  it  was  extracted,  is  described  in  the  13th  vol.  of  Annals  of 
Philosophy,  p.  403 ;  but  as  the  source  of  it  is  extremely  rare,  it  \n\\ 
be  sufficient  to  refer  to  Berzelius's  description ;  and  to  the  improved 
method  of  M.  Lewenuu  in  the  8th  vol.  of  the  N.  S.  of  the  same 
work.  It  has  since  been  discovered  in  the  volcanic  rocks  of  Lipa- 
ri ;  in  several  varieties  of  sulphur;  and  in  sulphuric  acid  made 
with  pyrites  obtained  from  the  isle  of  An^^lesea.  (Annals  of  Phil. 
N.  S.  vols.  viii.  and  ix.)  Its  separation  from  sulphur  Berzelius 
easily  effects  by  fusing  the  compound  with  carbonate  of  potassa, 
not  in  excess.  When  water  is  added  to  the  fused  mass,  the  seleni- 
um only  is  left  undissolved.  (Phil.  Mag.  and  Ann.  Phil.  Nov. 
1827,  p.  390.)  Selenium  has  also  been  discovered  by  M.  Henry 
Rose  in  several  minerals  from  the  Eastern  Ilarz,  united  with  lead, 
cobalt,  copper,  and  mercury,  (Ann.  de  Ch.  et  de  Ph.  xxix.  113,) 
and  Stromeyer  and  Haussman  have  analyzed  a  seleniuret  of  lead 
from  the  Laurence  mine  at  Clausthal.  (Ann.  of  Phil.  N.  S.  x.  i233.) 

The  colour  of  selenium  varies  a  good  deal.  When  rapidly  cool- 
ed, its  surface  has  a  dark  brown  hue,  and  its  fracture  the  colour  of 
lead.  Its  powder  has  a  deep  red  colour,  but  it  sticks  together 
when  pounded,  and  then  assumes  a  grey  colour  and  a  smooth  sur- 
face. It  softens  at  21^°  Pahr.,  and  completely  fuses  at  a  few  de- 
grees higher.  While  cooling,  it  has  a  considerable  degree  of  duc- 
tility, and  maybe  kneaded  between  the  fingers,  and  drawn  out  into 
fine  threads,  which  have  a. strong  metallic  lustre,  an  imperfect  de- 
gree of  transparency  ;  and  are  red  by  transmitted,  but  grey  by  re- 
flected light.  When  slowly  cooled,  it  assumes  a  granulated  frac- 
ture, and  is  extremely  like  t  piece  of  cobalt.  At  a  temperature 
nearly  equal  to  that  of  boiling  mercury,  selenium  enters  into  ebul- 
lition ;  and  condenses,  either  into  oj)aque  metallic  drops,  or,  when 
a  retort  with  a  large  neck  is  used,  into  Houers  of  a  line  cinnabar 
colour.  Its  \aj)our  has  a  deep  yellow  colour,  more  intense  than 
that  of  chlorine,  but  not  so  deep  as  that  of  sv:lj)hur.  When  heated 
before  the  blow-pipe,  it  tinges  the  flame  of  a  fine  azure  blue,  and 
exhales  so  strong  a  smell  of  horse-radish,  that  a  fragment,  not  ex- 
ceeding -j'j  of  a  grain,  is  sufficient  to  fill  the  air  of  a  large  apartment. 

Se/rnium  ami  ojifi^cn, — Oxide  of  selenium  is  formed  by  heating 
selenium  in  a  close  phial  willi  common  air,  which  ac(|uires  a  very 
strong  smell  of  horse-radish.  Water  agitated  with  this  air  imbibes 
the  odour  of  the  gas,  and  reddens  litmus  feebly,  but  this  appears 
to  be  owing  to  the  production  of  a  small  rjuantity  of  selenic  arid. 
Selcnic  oxide  gas  is  very  sparingly  soluble  in  water,  and  does  not 
impart  any  taste  to  it.  It  dues  not  com1)ine  with  liquid  alkalies. 
Its  precise  composition  is  nnkri(>\\  ti:  but  it  appears  to  belong  to  the 
samr  class  of  o\ide,s  as  tarboTiie  f>\id«'. 

SdeniouH  acid. — Selenium  dissolves  in  nitric  and  nitro-muriatic 
acids,  and  when  the  solution  is  evaporated  in  a  retort,  so  as  to  ex- 
pel the  excess  of  those  acids,  there  remdins  a  white  saline  mass. 
Vol.  I.  Xx 
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which  sul>Ume9  on  raising  the  itmprrature,  and  fimna  a  vapour,  ', 
the  colour  of  which  clnscly  reviMnbles  [hat  of  cblorinr.  ui  tte  t 
cold  part  of  thf  apparatus,  aelenious  acid  coadcnic*  in  vrry  htng  % 
four-sided  needlt-s.  These  crystals,  when  first  taken  ontoTlbv  «• 
torlj  have  a  dry  aspect  and  ajirciiii.ir  luttri;.  F.xpositl  to  ihc  atr, 
they  adhere  to  cacli  other,  atid  tlie  luMre  lii-comcs  dullj  but  ihcy 
do  not  I'Hiuefy. 

Selenious  acid  has  a  sour  taste,  and  leaves  a  tlightljr  burning 
aensaiion  on  the  lonpie.  It  is  very  aoluhic  in  cold  water,  and  dU- 
■olrcs  in  almost  r^vcry  proportion  in  builiuK  water.  A  niuratcd 
aolution  crystalliECS,  when  rapidly  cooled,  in  smalt  gfvuia,  akd 
when  slowly  cooled  In  striated  pnsms.  The  cry&Ula  dlssolre  b> 
great  abundance  in  alcohol,  and  the  solution,  when  distilled,  yields 
a  fluid  having  an  ethereal  amcll.         ^ 

Seleniaus  acid  unllca  with  most  bases  in  two  proportiooti,  wid 
with  some  in  thi-ee,  and  forms  a  class  of  nails  called  Seltmrtt  or 
Bisclcnitcs,  bc^  which  will  he  described  with  iheir  respective  basea. 

Selenious  acid  is  easily  reduced  both  in  the  moist  and  (he  dry 
way.  When  a  plate  of  line  or  polished  iron  is  inl'rodnced  Into  a 
•otution  of  sclenious  acid  mixed  with  munatit;  acid,  selenium  is 
precipitated  in  the  form  of  red,  or  brown,  or  blacklah  Oakcs.  It 
Is  revived,  also,  by  sulphureted  hydrogen  and  sulphurous  add 
gases. 

From  his  investigation  of  this  acid,  llerzelius  coasidered  It  as 
selenium  united  with  the  maximum  pniporlioii  of  oxyi^en.  and 
has  inferred  ii  to  consist  of 

Seleiuum    -     -     7I.S6I     -     -     100.00 
Oxy^       -     -     2a739     •    -       4a33 

On  the  supposition  that  it  is  coflWRutcd  of  an  atom  of  base  +  2 
atoms  of  oxygen,  the  e<|uivalent  number  for  selenium  wiU  be  40, 
and  for  selenic  acid  56.  The  same  atomic  weight  for  seleninm  is 
deducible  also  from  the  proportion  in  which  it  unites  with  hydro- 
gen. 

Stlmic  acid.— The  acid,  which  has  just  been  described,  wascoO' 
sidered  by  its  discoverer  Berzelius  as  the  sdenie,  but  this  name  is 
more  properly  applied  to  a  compound  of  selenium  with  oxygon 
first  observed  by  Mitscherlich,  containing  an  additional  proportioa 
Ofthe  latter  element.  (Ann.  da  Ch.  et  dc  Ph.  Sept.  1827.)  Il  is 
prepared  by  fusing  nitrate  of  potassa  with  selenium,  with  setenioas 
acid,or  with  a  seleniuret,such  as  that  of. lead,  freed  from  earthy  tn^ 
purities  by  muriatic  acid.  The  residue,  amounting  to  about  one^ird 
of  the  whole,  is  mixed  with  an  equal  weight  of  nitrate  of  soda,  and 
projected,  by  a  little  at  once,  into  a  red-hot  crucible.  The  lead  is 
oxidiaed,  and  the  sulenium  is  converted  into  selenic  acid,  whtcli 
combines  with  the  soda.  The  purification  of  the  seleniale  of  sods, 
thus  prepared,  involves  many  details,  for  which  I  refer  to  the  me- 
moir above  4juatcd.  The  last  atep  of  the  process  conaista  in  decom- 
ponng  aelcn>alt  of  lead  in  soloiion,   by  sulphureted   hydrogn, 
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which  precipitates  tulphuret  of  lead,  leaving  the  selcnic  acid  in 
such  a  state  as  fo  be  purified  by  ebullition. 

Cbn^pMiCjSfiw— The  neutral  salts  which  seleoic  acid  forms  with 
bases,  being  isomprphous  with  those  containing  sulphuric  acid, 
indicates  a  similarity  of  Constitution  between  the  two  acids,  and 
chemical  investigation  proved  that,  for  the  same  quantity  of  base, 
the  oxygen  of  the  selenic  acid  is«  as  in  the  sulphuric,  three  times 
that  of  Uie  hue;  in  other  words,  that  selenic  acid  is  composed  of  1 
atom  of  seieidiim  and  3  atoms  of  oxygen. 

Selenie  aud  is  a  colourless  liquid,  which  may  be  heated  to  536^ 
Fahn  without  aensible  decomposition,  but  at  554^  is  resolved  into 
oxygen  and  selenious  acid.  Its  specific  gravity,  freed  as  completely 
as  possible  from  water,  is  2^G^ ;  but,  even  when  of  this  density,  it 
still  contains  15.75  of  waterni  100  of  acid.  Like  sulphuric  acid^ 
it  evolves  ^reat  heat  when  suddenly  diluted.  When  heated  with 
muriatic  acid,  it  affords  chlorine  and  selenious  acid,  and  like  aqua 
regia  dissolves  gold*  Selenic  acid  dissolves  iron  and  zinc  widi  a 
disengagement  of  hydrogen,  copper  with  an  evolution  of  selenious 
acid,  and  gold,  but  not  platinum. 

In  its  affinities  for  bases  it  is  a  little  inferior  to  sulphuric  acid« 
but  its  compounds  (seleniatc  of  baryta  for  instance)  are  not  entirely 
decomposea  by  the  latter  acid. 

Selenium  and  c/U!onne.-— Selenium  absorbs  chlorine  gas,  and  be- 
comes hot  and  forms  a  brown  liquid,  which,  by  an  additional  quan- 
tity of  chlorine,  is  converted  into  a  white  solid  mass.  This  is  stat- 
ed by  Berzelius  to  be  a  compound  of  muriatic  and  selcnic  acids, 
but  it  is  probably  composed  of  chloride  of  seM^ium  and  selenious 
tcid.  It  has  not  yet  been  accurately  separated  into  its  component 
parts,  for  when  heat  is  appliedf  both  substances  are  sublimed. 

The  remaining  compounds  of  selenium  will  be  described  here- 
after in  their  pioper  places.  At  present,  it  is  only  necessary  to 
observe  farther,  that  while  this  body  possesses  sonic  of  the  cha- 
racters of  metals,  (the  metallic  lustre  for  example,)  it  is  destitute 
of  others  that  are  essential  to  its  arrangement  in  that  class.  It  has 
more  transparency  than  any  metal,  and  is  distinguished,  also, 
from  the  metals,  by  the  want  of  power  to  conduct  electricity  or 
heat.  In  some  respects  it  resembles  tellurium ;  but,  on  the  whole, 
its  properties  are  most  analogous  to  those  of  sulphur ;  and  it  may 
be  regarded  as  forming  the  connecting  link  between  the  non-me- 
tallic combustibles  and  the  metals. 
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Art.  I. — pTtjutTtUimt  and  (fliiiHlitt  of.lmmonia. 


*  I.  Ammonh,  ina  luiuiil  form,  ha<I  been  long  known  toch«mikta, 
bolh  Basil  Valeminc  and  llaymond  Lully  having  deKtibol  ihc 
Hiethods  of  procurine  it  from  aoinial  aubstances.  Pricsilry,  ukI, 
more  recently,  Chev aJUer  tliscovered  it  in  niliru  nsidcn  of  iron,  thus 
establishing  itx  presence  in  the  minerul  Icingdom.  An  tnipartut 
■Icp  in  its  chemical  hiBtory  had  bei-n  previously  made  by  Dr.  Black. 
who  first  distinguished  hclwcen  its  pure  or  caiistie,  and  iw  B»iW  or 
carbonated  siiile,  and  Dr.  Priestley  first  rxhihitcd  it  in  a,  parous 

form.  t'.  .vhif  )i  h-  '-;■^■■•  ^h.-  name   n\'  iilK-nliii''  air.     T.i  pri.rure  U  ffl 

this    ■    ■  '■    ■  '  ■  ■ i      ■  ■!- 

1,        ■  _  _  ^  .n,l    dry 

quic.klinu',  L'j'ch  s^arjuly'  jiowdf^retl ;  and  introduce  them  into  a 
small  gas  bonle  or  retort.  .Vpply  Xhc  heat  of  a  lamp,  and  recei\^ 
the  gas,  that  is  liberated,  over  nieocury, 

2.  To  a  saturated  solution  of  aqpKnia  in  water,  or  the  pure  li- 
quid ammonia,  in  a  gas  bottle,  app^  the  heat  of  a  lamp;  and  coK 
lect  the  gas,  as  in  a. 

II.  This  gas  has  the  following  properties: 

It  has  a  strung  and  very  pungent  smell. 

It  immediately  cjLtinguishes  flame;  and  is  fatal  to  animals.  Be- 
fore, however,  a  candle  is  extinguished,  by  immersion  in  this  gas. 
the  flame  is  enlarged,  by  the  addition  of  another,  of  a  pale  yellow 
colour,  which  descends  ft^im  the  mouth  to  the  bottom  of  the  jar- 
Hlhe  flame  of  tlic  randic  be  only  in  part  surrotindcd  with  the  gas, 
this  yellowish  flame  rises  a  few  lines  above  the  other. 

It  is  lighter  than  atinuspheric  air.  Hence  a  jar  filled  with  this 
gas,  and  placed  with  its  inoiitli  upwards,  is  soon  found  lo  exchange 
Its  contents  for  common  air,  whicii,  Iiy  its  greater  specific  gravity, 
descends,  and  displaces  the  ammAiiaMi  gas.  By  the  experiments 
of  Messrs.  Allen  and  Pepvs,  nndcriaTen  at  the  desire  of  Sir  H. 
Davy,  UK)  cubic  inches  ot  ammonia  were  found  lo  weigh  18.18 
grains,  barometer  30,  ihcrmometer  00°.  (Phil.  Trans.  I8(t8.)  Ac- 
cording 1"  (lay  l.iissac,  its  specific  gravity  is  lo  that  of  commoo 
air  as  0.5067  to  I ;  and  hence  (taking  KHt  cubic  inches  of  air  ai 
30.3  grains)  1(H)  cubic  inrhes  of  ammonia  w<'igh  18.17  grains.  It 
docs  not  appear  that  in  any  of  tliesc  trials,  ihe  gas  was  artificially 
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dried.  To  efiect  its  desiccation,  potassa  or  quicklime  are  best 
adapted ;  for  dry  chloride  of  lime,  as  well  as  several  other  chlo- 
rides, absorb  it  rapidly.  (Quart.  Joum.  v.  74.)  Calculating  from 
the  proportion  of  its  elements  and  their  state  of  condensation,  its 
true  specific  gravity  ou||^ht  to  be  0.590279  for  this  number  results 
from  adding  together  the  specific  gravity  of  nitrogen  gas,  and 
three  times  the  specific  gravity  of  hydrogen  gas,  and  dividing  the 
sum  by  SL 

It  has  been  asserted  by  Guyton,  that  ammoniacal  gas  is  reduced 
to  a  liquid  state  at  70^  below  0  of  Fahrenheit;  but  it  may  be  ques- 
tioned whether  the  drops  of  liquid,  which  he  observed,  were  any 
thing  more  than  a  watery  vapour,  which  the  gas  always  contains, 
condensed  by  the  cold,  and  saturated  with  ammonia.  (Ann.  de 
Chim.  xxix.  290.)  Mr.  Faraday  has  exhibited  it  in  a  liquid  form, 
by  disengaging  it  in  sealed  tubes  from  chloride  of  silver,  which  had 
been  made  to  absorb  it.  Liquid  ammonia,  thus  obtained,  was  co- 
lourless, transparent,  and  very  fluid.  Its  refractive  power  surpass- 
ed that  of  water  itself.  At  50^  Fahr.  the  pressure  of  its  vapour  was 
equal  to  about  6,5  atmospheres.  Its  specific  gravity  was  0.76.  (Phil. 
Trans.  1823,  p.  1 96.) 

Ammoniacal  gas  is  not  sufficiently  inflammable  to  burn  when  in 
contact  with  common  air.  But,  when  expelled  from  the  extremity 
of  a  pipe,  having  a  small  aperture  surrounded  by  oxygen  gas,  I 
have  found  that  it  may  be  kindlod^and  it  then  bums  with  a  pale 
yellow  flame*  the  products  of  its  combustion  being  water  and  ni- 
trogen gas. 

Ammoniacal  gas  may  be  decomposed  by  transmitting  it  through 
a  red-hot  porcelain  tube,  which  should  be  either  well  gMfeecQnter- 
Tially,  or  covered  externally  with  a  lute.  It  has  been  ascertaim*d  by 
Thenard  (85  Ann.  de  Ch.  61)|  that  when  any  of  the  five  following 
metals  are  enclosed  in  the  tube,  they  promote  the  decomposition 
of  ammonia  at  a  temperature  much  below  that  which  it  would  rv- 
ijuire  prr  «f,  in  the  order  set  down,  rir.,  iron,  copper,  silver,  gold, 
and  platinum;  iron  being  most  effectual,  and  platinum  least.  Iron, 
after  the  process,  is  found  to  be  rendered  brittle,  and  copper  still 
TOore  so.  The  gas  obtained  always  consists  of  3  parts  hydrogen  by 
measure,  and  1  nitrogen.  None  of  the  metals  is  either  increased  or 
diminished  in  weight;  and  they  can  only,  therefore,  act  as  conduct- 
ors of  heat.  Yet  it  is  singular  that  iron  decomposes  a  much  larger 
quantity  than  platinum,  and  at  a  lower  temperature. 

M.  Savart,  who  has  recently  repeated  these  experiments,  with 
great  care,  and  with  ammoniacal  gas  deprived  of  moisture,  finds 
that  copper  wire  does,  however,  gain  a  very  slight  increase  of 
weight,  not  exceeding  l-275th;  its  properties  are  altered  as  gone- 
rally  described,  and  its  specific  gravity  diminished  from  8.8();)  to 
7.791.  A  cylinder  of  iron,  used  to  decompose  ammonia,  during 
nine  hours,  gained  only  l-670th  of  its  weight,  and  the  iron  acquir- 
ed some  of  the  properties  of  steel.  No  gas  was  liberated  by  fusing 
the  altered  copper  in  a  porcelain  retort.  M.  Savart  is  of  opinion 
that  these  facts  support  the  opinion  that  azote  is  the  oxide  of  a 
base,  called  provisionally  ammonium,  which,  by  alloying  with  the 
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cupper  and  other  tnctats,  causes  ihe  change  of  tlielr  properUea. 
(Anu.  do  Ch.  ei  de  Ph.  ixsvii.) 

Ammonia  is  rapidi)' abRorbcct  by  WBlcr.  A  drop  or  two  of  water 
Wing  ndmiticd  \o  b  jarful  of  thU  gus,  conRncd  over  mercury,  the  gai 
will  be immudiaiely  absorbed,  and  the  mercury  will  rUc.  ho  as  to  fill  , 
th«  whole  of  the  jar,  provided  the  gas  be  auHldently  pure.  Ice  pro- 
daces  the  same  cOect,  in  a  Rlill  more  rcmiirkablc  maDser.  Froin 
Sir  II.  Davy's  early  experiroeuts,  it  appeared  that  100  )[r>iB*  of  wgr 
ter  absorb 34 ^rainsofammoniacal  gen.  or  IWl cubic InebcB.  Tben- 
fore  a  cubic  inch  of  waler  lakes  up  475  cubic  iocbec  ut  the  ga^ 
More  recenOy  he  has  staled  thai  at  50°  Fahrcnhutt  wmlCr  abtoriM 
670  times  its  bulk,  and  acquires  the  specific  ^avily  XTS.  (YX  of 
Ch.  Phil,  p.  263.)  Even  this  is  muclij)el(iw  ilie  pro|>orttoa  aoiorb- 
ed  in  Dr.  Thomson's  experiments,  iwr.,  780  volumes  of  ammonia- 
C«]  gM  by  1  vol.  of  waler. 

Alcohol,  also,  absorbs  several  limes  its  bulk,  and  affords  a  aoJu- 
tion  of  ammonia,  which  possesses  the  strong  smell,  and  other  pro- 
perties, of  the  gas. 

Wnler,  by  saturation  with  this  ^aa,  acquires  its  pccnliar  unclli 
and  constitutes  what  has  been  called  liquid  ammonia;  ur.  man 
properly,  soluliuu  of  pure  ammouia  in  water.  The  method  of  e^ 
fecUug  this  impregnation  is  as  follows : 

Proctus  for  ohtaimng  Hfbitioti  if  Jinwtonin  in  tf'ater. 

The  following  process  is  given  by  Mr.  R.  Phillips,  as  preferable 
to  that  of  the  London  Pharmacopoeia.  (Remarks  on  the  London 
Phartn.  ]»  34.) 

0#9  oz.  of  well-burnt  lime,  pour  half  a  pint  of  water,  and  when 
it  has  remained  in  a  well-closed  veatel  for  nearly  an  hour,  add  IS 
ounces  of  muriate  of  ammonia,  and^bout  3i  pints  of  boiling  wa- 
ter. When  the  mixture  has  cooled,  Alter  the  solution;  and,  har- 
ing  put  it  into  a  retort,  distil  off  20  fluid  ounces.  7'he  solution  will 
have  the  specific  gravity  0.954,  which  is  quite  as  strong  as  it  can 
be  conveniently  kept.  If  the  solution  be  required  to  be  moi'c  strong- 
ly impregnated,  this  will  be  best  effected  bypassing  ammoniocat 
gas  throu)rh  it,  from  a  mixture  of  equal  parts  of  powdered  lime 
and  muriate  of  ammonia,  by  means  of  an  apparatus  similar  10  that 
described  for  the  preparation  of  muriatic  acid.  In  the  Quart. 
Joum.  (for  July  1828,  p.  477)  a  process  of  Sig.  Bizio  is  described, 
by  which,  from  every  pound  of  muriate  of  ammonia,  1. 61  of  a 
pound  of  liquid  ammonia  may  be  obtained  of  sp.  gr.  0.910. 

The  strength  of  a  solution  of  ammonia  is  influenced  by  two  cir- 
cumstances, the  temperature  of  the  liquid,  and  the  pressure  on  iti 
aiirface;  for  ammonia  is  not  retained  in  water  without  extenuJ 
force.  The  intervals  of  temperature,  required  to  double  the  foree 
of  ammoniacal  vapour,  were  ascertained  by  Mr.  Dalton  to  increaac 
in  ascending.  When  mixed  with  common  air,  its  elasticity  is  aot 
altered;  thus  when  ammoniacal  gas  of  15  inches  force  is  mixed 
with  a  given  volume  of  dry  air,  the  air  is  doubled  in  bulk. 

Solutions  of  ammonia,  when  mixed  with  water,  were  found  by 
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Sir  H.  Davy,  not  to  be  sensibly  condensed;  and,  therefore,  if  the 
quantity  of  ammonia  in  a  solution  of  given  specific  gravity  be  de- 
termined, it  it  easy  to  calculate  the  quantity  in  solutions  of  other 
densities*  The  two  following  TableSi  it  may  be  observed,  do  not 
exactly  agree  in  their  results,  the  quantity  of  ammonia,  in  solutions 
of  the  sa^e  density^  bemg  from  15  to  20  per  cent,  less  in  Mr.  Dal- 
ton't  Table  than  in  Sir  H.  Davy's.  The  numbers  in  the  latter,  mark- 
ed with  an  asterisk,  were  found  by  experiment,  and  from  these  the 
others  were  deduced. 

Sir  K  Dmj[9  TWe  of  the  QuaniUies  of  Ammoniacal  Gas  in  Sokh 
iianM  ff  4ifhrerU  DensUies.  (Temp.  50^  Fahrenheit,  Barometer, 
29.8.) 
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(1)  Ammc 
IB  Dr.  Pries 


Anr,  l—JIiiali/aii  of  Ammonia. 

)  Ammoniacal  gns  is  decompose ij  by  electricity;  and  lU  buBb 
Pr.  Priestley  first  observed,  is  thus  gniduatlf  cnlargrtl.  Into  a 
class  lulic^i  having  a  conduclor  £ca)ecl  hcmitticaily  iniu  one  end 
(tig.  29),  and  slandlng  invcried  over  mercury,  pass  about  oiie-tcaili 
of  ti  cubic  incti  of  Eiminoniacal  gas  \  and  transmit  throu^  it  ■  sue- 
cession  of  electrical  dischar^s  from  a  Leyden  jar.  TKc  arraoge- 
mcQt  of  ilie  apparatus  for  this  purpose  is  showti  in  tig.  84,  pt.  Ix. 
When  tvio  or  Uiree  hundred  discharges  have  been  pasard,  the  go 
will  be  found  lo  have  increased  to  twice  its  original  bulk,  and  to 
have  lost  its  property  of  being  absorbed  by  water.  Mix  il  with  a 
quantity  of  oxygen  gas,  equal  to  between  one-third  and  ane-balTwf 
its  bulk, and  pass  an  electric  spark  thi-ough  the  mixture.  .\Draplo- 
Htun  will  immediately  happen;  and  the  quantity  of  f^  will  br  cnn- 
sidcrably  diminished.  Note  ibc  amount  of  the  diminntioB ;  divide 
it  by  3;  and  multiply  the  product  by  2.  The  result  shows  the  quan- 
tity of  hydrogen  gas  in  the  mixed  gases  which  have  ticra  generat- 
ed by  electricity ;  for  two  measures  of  hydrogen  arc  saturated  by 
one  of  oxygen  gas. 

Suppose,  for  example,  that  we  expand  1QU  measures  of  ammotiia 
to  200  ;  and  that,  after  adding  80  measures  of  oxygen  gas,  we  find 
the  whole  (=  380  measures)  reduced  by  firing  to  55  measures:  the 
diminution  will  be  225.  Dividing  225  by  3  we  have  73,  which 
multiplied  by  2  gives  150  measures  of  hydrogen  gas  from  100  of 
ammonia.  Deducting  loO  from  2IJ0,  wo  have  50  for  the  nitrugcrt 
gas  contained  in  the  producfof  electrization.  Therefore  100  mea- 
sures of  ammonia  have  been  destroyed,  and  expanded  into 
s  of  hydrogen  gas,  :=  3  volumes- 
nitrogen  gas,    =  1  volume. 


To  ascertain  the  precise  amount  of  the  gases  evolved  from  am- 
monia, great  care  and  nicety  are  necessary;  for  if  either  the  gas 
itself,  or  the  mercury  which  confines  it,  contain  any  moisture,  the 
product  of  gas,  resulting  from  its  decomposition,  will  exceed  what 
It  ought  to  be.  The  problem  is  one  of  importance,  because  from 
the  proportion  of  the  elements  of  ammonia,  is  deduced  the  weight 
of  the  atom  of  nitrog^'n.  This  will  differ  considerably,  according 
to  the  statement,  which  we  may  adopt,  of  the  amount  of  gases  ot 
taincd  by  decomposing  ammonia  ;  their  proportion  to  each  other, 
and  the  exact  specific  gravities  of  hydrogen  and  nitrogen  gases.  1 
have,  therefore,  again  analyzed  ammonia  with  every  possible  pre- 
caution to  avoid  sources  of  inaccuracy,  and  have  obtained  results 
strictly  agreeing  with  the  proportions  above  staled.  (,\nn.  of  PhiL 
N.  S.  viii.  341).  If  then  hydrogen  be  made  the  decimal  unit,  and 
it  be  admitted  that  the  3  volumes  of  hydrogen  in  ammonia  repre- 
sent  3  atoms,  and  the  1  volume  of  nitrogen  1  atom,  the  weights  of 
the  atoms  of  hydrogen  and  nitrogen  will  lie  as  their  specific  gravi- 
ties, VIZ., as. 0094  to  decimal  point  .Dr^'i,  or  as  I  to  14.  Ammoaia, 
according  to  this  view,  will  be  constituted  of  three  atoms  of  hydro- 
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gen  CB  3  4-  1  atom  of  nitrogen  a  14,  and  its  representative  nuni'' 
ber  will  be  17. 

(2)  In  (hi  Philosophical  Transactions  for  1809^  I  have  described 
a  property  of  ammonia,  which  forms  the  basis  of  a  very  easy  and 
quick  mode  of  analyzing  that  alkali.  When  mingled  with  oxygen 
gas,  it  may  be  inflamed  by  the  electric  spark,  precisely  like  a  mix-' 
ture  of  ^hydrogen  and  oxygen  gases.  To  obtain  accurate  resultSf 
however,  it  is  necessary  to  use  less  oxygen  at  first  than  is  sufficient 
to  saturate  the  whole  hydrogen  of  the  alkali ;  for,  if  the  full  pro- 
portion of  oxygen  be  employed,  part  of  the  nitrogen  also  is  con- 
densed into  nitric  acid.  In  the  first  combustion  of  100  volumes  of 
ammonia,  we  may  use,  therefore,  50  measures  of  oxygen,  which 
will  be  entirely  consumed.  To  the  residue,  we  may  add  30  or  35 
measures  more,  and  inflame  the  mixture  by  an  electric  spark,  not- 
ing the  diminution.  Of  this  diminution,  one-third  is  oxygen,  and 
adding  it  to  the  oxygen  spent  in  the  first  combustion,  we  have  the 
whole  oxygen  consumed.  This,  being  doubled,  shows  the  volumes 
of  hydrogen  in  100  of  ammonia,  which  will  generally  prove  to  be 
150.  The  nitrogen  may  be  learned  by  deducting,  from  that  found 
by  trial  in  the  residue,  the  quantity  introduced  as  an  impurity  of  the 
oxygen,  and  it  will  be  found  that  when  the  process  has  been  care- 
fully performed,  the  remainder  amounts  to  50  volumes. 

(3)  Chlorine  and  ammonia. -^Scheele  first  observed  that  when  li- 
quid solutions  of  chlorine  and  ammonia  are  mixed,  or  when  aeri* 
form  chlorine  is  passed  through  liquid  ammonia,  nitrogen  gas  is 
disengaged,  and  muriatic  acid  formed.  In  this  case  the  hydrogen 
of  the  ammonia  unites  with  the  chlorine,  and  the  nitrogen  is  lilxy 
rated.  The  latter  process  furnishes  a  method  of  obtaining  nitrogen 
gas;  but,  as  thus  procured,  the  gas  has  an  odour,  indicating  the 
presence  of  a  small  quantity  of  chloride  of  nitrogen. 

If  into  a  bottle  containing  two  or  three  pints  of  chlorine  gas, 
about  a  drachm  of  strong  solution  of  ammonia  be  poured,  the  two 
gases,  when  diffused  through  each  other,  act  with  sufficient  energy 
to  cause  a  detonation.  The  impossibility  of  confining  chlorine  gas, 
cither  by  water  or  mercury,  renders  its  decomposing  action  on  am- 
monia of  little  use  as  a  means  of  analyzing  that  compound ;  but 
Dr.  Thomson  has  successfully  employed  the  dichloride  of  lime  to 
decompose  the  ammonia  existing  in  common  sal  ammoniac,  and, 
by  particular  management,  obtains  the  whole  of  its  nitrogen  in  a 
gaseous  state.  (First  Princ.  i.  129.) 

The  results  of  the  analysis  of  ammonia  furnish  a  good  example 
of  the  condensation  of  the  elements  of  gases,  which  takes  place  on 
chemical  union;  and  if  we  could,  by  any  means,  permanently  con- 
dense a  mixtunr  of  three  volumes  of  hydrogen  and  one  of  nitrogen 
into  two  volumes,  the  new  gas  would  constitute  ammonia.  Simple 
admixture  of  these  gases,  even  in  the  same  proportions  which  arc 
obtained  by  analyzing  ammonia,  is  not  snfticifnt  to  gonrrate  this 
alkali;  for  the  caloric,  with  which  the  hydrogen  and  nitrogen  are 
respectively  combined,  by  its  elasticity  opposes  their  union,  and 
places  them  beyond  the  sphere  of  their  mutual  attractions.  If  these 
elements  are  presented  to  each  other  when  one  or  both  are  depriv- 
VoL,  I.  Y  y 
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ed  of  part  of  their  caloric,  combination  then  takei  place;  and  the 
cym position  of  the  volalik  alkali  is  proved  synthcticany,  u  in  the 
followinK  experiments. 

(1)  When  iron  filings,  moifflcDcd  with  water,  are  irxposed  lo  ni- 
trogen gas  confined  over  mercury,  the  jjaa,  after  some  lime  has 
elapsed,  acquires  the  smell  of  volatile  alkali.  (Austin  in  PhiL  Traa*. 
vol,  Ixxviii.)  In  this  case,  the  iron  decomposcK  the  water,  ai^  tctBci 
its  oxyRcr  ;  while  the  hydro(>:eii,  at  the  moment  of  its  libcnliiMi. 
unites  with  niirogen,  and  compoBca  uiiiinunia.  Thit  state  of  coo- 
deiisalian,  or  absence  of  the  tiuaiilily  of  caloric  nt:cc«»arj'  lo  hrimg 
it  into  a  gaseous  form,  has  been  called  the  nascent  atale  of  bydn>- 
^n  gns;  and  the  same  term  has  been  applied  lo  the  basei  of  other 
gases  when  in  a  similar  state,  Priestley  observed  a  production  of 
Ktumonia  by  exposing  iron  to  nitrouc  gas,  and  by  acllnt;  on  Iron 
with  nitrate  of  copper. 

(2)  Another  fuct,  showing  the  mutual  relation  of  amntimia  nnd 
of  tlie  compounds  of  oitrogCQ,  was  discovered  many  je»n*f[0,  Itjr 
Mr.  lliggin*  of  Dublin.  (Sec  his  Comparative  View  of  lh«  Phlo- 
gistic and  .^ntiphlagiilic  Theories,  2<1  edit  p.  300,  note.)  MtUAien 
aomc  puwdert'd  tin  (which  is  sold  under  thai  name  by  (bednigf^Uu) 
with  strong  nitric  acid;  and,  when  the  red  fumes  bB«  ceaied  to 
arise,  add  some  quicklime  or  eoluttnn  of  pitre  polasso.  A  airoog 
smelt  of  ammonia  will  be  immcdiatdy  produced.  Id  this  rxpcri- 
menl,  the  tin  attracts,  at  the  same  instant,  the  oxygen  both  oi  the 
nitric  acid  and  of  the  water.  Hydrogen  and  nitrogen  are  con*<- 
qiicnlly  set  at  lilHTtv;  and,  before  they  have  assumed  ihe  tisi-out 
State,  ihese  two  bases  combine,  and  constitute  ammonia.  The  am- 
monia thus  generated  unites  with  a  portion  of  undecomposed  nitric 
acid ;  and  is  disengaged  from  this  combination  by  potassa  or  lime, 
■which  render  it  evident  to  the  smell, 

(3)  A  similar  production  of  ammonia  has  been  shown  by  Mr.  R. 
Phillips  to  take  place,  when  nitric  acid  is  acted  upon  by  phospho- 
rus, which,  simultaneously  decomposing  both  water  and  nitric  acid, 
enables  the  hydrogen  of  the  former,  and  the  oxjgen  of  the  latter, 
lo  unite  while  in  a  nascent  form.  It  is  produced,  also,  when  heat 
is  employed  to  dissolve  silver  in  concentrated  nitric  acid.  (Ann. 
de  Ch.  et  de  Phys.  ixiv.  295.) 

Abt.  S.SalU  xeitk  Bate  of  Ammonia. 

Salts  with  base  of  ammonia,  with  the  exception  of  a  few  which 
are  decomposed  at  a  high  temperature  into  their  ultimate  elements, 
are  capable  of  being  raised  by  sublimation.  They  all  give  ammo- 
niacal  gas  when  heated  with  pure  alkalies  or  earths  ;  and  their  so- 
lutions are  rendered  arid  liy  exposure  to  the  atmosphere,  in  conse- 
quence of  the  escape  of  a  portion  of  their  base. 

Chiorine  and  ammonia. — No  compound  of  chlorine  and  ammonia 
can  exist ;  for  as  soon  as  ammonia  is  brought  into  contact  with 
chlorine,  it  is  decomposed  in  the  manner  which  has  been  already 
described. 

Chlorate  ofattmwniu  may  be  formed  either  by  saturating  carbon- 
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ate  of  ammonia  with*  chloric  acid,  or  by  precipitating  the  solution 
of  any  earthy  chlorate  by  that  carbonate.  Chlorate  of  ammonia 
forms  fine  needle-shaped  crystals,  which  are  extremely  soluble  in 
water  and  in  alcohol.  It  is  volatile,  and,  when  thrown  upon  a  red- 
hot  coal,  detonates  with  a  red  flame.  The  proportion  of  its  com- 
ponents is  not  known.    (See  Vauquelin,  Ann.  de  Chim.  xcv.  97.) 

Iodine  and  amftioma.— -Dry  ammoniacal  gas  is  absorbed  by  iodine 
without  decomposition.  The  product  is  at  first  very  viscid,  and 
has  a  metallic  aspect ;  but  by  an  excess  of  ammonia  it  loses  these 
properties,  and  becomes  of  a  very  deep  brownish  red.  When  iodine 
IS  added  to  liquid  ammonia,  one  part  of  it  unites  with  the  hydro- 
gen of  the  alkali,  and  forms  hydriodic  acid,  while  another  portion 
of  the  iodine  combines  with  the  azote,  and  falls  down  in  the  form 
of  a  black  powder.  This  compound  of  iodine  and  azote  detonates 
with  a  very  gentle  heat,  and  even  with  the  slightest  touch. 

lodate  ofammonicL — This  salt  is  best  formed  by  saturating  iodic 
acid  with  ammonia.  It  is  deposited  in  small  crystalline  grains  of 
an  indeterminate  form.  When  these  are  thrown  on  a  red-hot  coal, 
they  detonate  with  a  feeble  violet  flame  and  an  escape  of  iodine. 
When  heated  in  close  tubes,  the  tubes  are  frequently  burst;  but 
Gay  LuBsac  succeeded  in  collecting  the  products,  which  were  equal 
volumes  of  oxygen  and  azotic  gases.  He  states  its  composition  at 
100  acid  +  10.94  ammonia,  or  2  volumes  of  gaseous  ammonia,  1 
volume  of  iodine  in  vapour,  and  2i  volumes  of  oxygen. 

Hydriodate  (f  ammonia  is  constituted  of  equal  volumes  of  hydrio- 
dic acid  gas  and  ammoniacal  gas.  It  may  be  formed  by  mixing  the 
watery  solutions  of  the  acid  and  base.  It  crystallizes  in  cubes  which 
are  more  soluble  than  sal  ammoniac,  and  nearly  as  volatile,  sublim- 
ing in  close  vessels  without  decomposition. 

Hydro-chlorate^  or  Muriatty  of  Ammonia, 

Muriate  of  ammonia  may  be  formed  by  mixing  over  mercury 
equal  measures  of  ammoniacal  gas  and  muriatic  acid  gas,  which  are 
entirely  condensed  into  a  white  solid.  This  is  the  only  proportion 
in  which  the  two  gases  unite.  For  purposes  of  experiment,  the 
common  sal  anunoniac  of  the  shops  is  sufficient,  which  is  prepared 
by  a  circuitous  process  from  an  impure  carbonate  of  ammonia,  ob- 
tained by  the  distillation  of  bones,  and  other  animal  matters.  This 
carbonate  of  ammonia,  by  being  kept  in  contact  with  sulphate  of 
lime  and  water,  is  converted  into  sulphate  of  ammonia.  This  again 
is  decomposed  by  muriate  of  soda,  which  affords  muriate  of  am- 
monia and  sulphate  of  soda.  The  latter  salt  is  separated  by  priori- 
ty of  crystallization,  and  the  muriate  of  ammonia  is  then  purified 
by  being  once  or  twice  sublimed. 

It  has  been  ascertained  by  Dr.  M arcct,  that  muriate  of  ammonia 
exists  in  sea  water,  and  may  be  separated  by  sublimation  from  the 
uncrystallizablc  part  called  InUem.    (PhiL  Trans.  1822,  p.  454.) 

It  is  easy  to  calculate  the  composition  of  this  salt,  for  since  100 
cubic  inches  of  muriatic  acid  gas  weigh  39  grains,  and  the  same 
volume  of  ammonia  weighs  18.18  grains,  muriate  of  ammonia. 
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recently  sublimed,  or  dried  for  (omc  time  on  a  sand-bub,  miut  cm- 
sistof 

Muriatic  acid     ■     -    68.519     -     -     -    .    1     -    -     37" 
Ammonia      -     -     -     Sl.-lfil     •     .    -    -    I     -    -     1"    ^ 

100.  54 

In  its  ordinary  state,  the  salt  contains  water,  ihc  j>roportioii  at 
which,  according  to  Berzelius,  is  19  parts  in  100  of  the  till  (60 
Ann.  dc  Chim.  253J;bui  this  docs  not  agree  wiih  any  atomic coat 
Btitnlion,  and  it  is  probable,  therefore,  that  the  water  ts  not  VMU- 
tial  to  it,  but  accidental. 
Muriate  of  ammonia  exhibits  the  following  propenic* : 
It  is  volatilized,  without  being  UqueBed  or  decompoaed,  or,  in 
other  words,  may  be  mblinu'd.  Sir  H.  Da\j  finds  that  it  may  even 
be  passed,  without  alteration,  through  glass  or  porcelain  lubes 
heated  to  redneaa.  When,  however,  it  is  transmitted  over  i]p)itcd 
metals,  it  is  decomposed  Into  its  gaseous  elements. 

It  is  readily  soluble  in  water,  three  parts  and  a  half  of  which,  at 
60*,  take  up  one  of  the  salt.  During  its  solution,  much  caloric  i> 
absorbed.  In  boiling  water  it  is  still  more  soluble;  and  the  lolti* 
tion,  on  cooling,  shoots  into  regular  crystals. 
ll  slightly  atlracls  moisture  from  the  air. 
On  the  addition  of  a  solution  of  pure  poiassa,  or  pure  soda,  ihc 
alkali  is  disengaged,  as  is  evinced  by  the  pungent  smell  that  arises 
on  the  nilxiurc  of  ihcac  two  bodies,  though  pciTccily  inodorous 
when  separate. 

Though  generally  considered  as  a  neutral  salt,  yet,  if  placed  on 
litmus  paper  and  moistened,  Ucrzelius  observes,  that  the  paper  is 
reddened  after  some  moments,  as  it  would  be  by  an  acid- 
It  is  decomposed  by  baryta,  strontia,  lime,  and  magnesia. 

Nitrate  of  Ammonia. 

The  moat  simple  mode  of  preparing  this  salt  is  by  adding  car- 
bonate of  ammonia  to  dilute  nitric  acid,  till  saturation  has  taken 
place.  If  the  liquor  be  evaporated,  by  a  heat  between  70°  and  100°, 
to  a  certain  extent,  it  shoots,  on  cooling,  into  crystals,  having  the 
shape  of  six-sided  prisms,  terminaled  by  long  six-sided  pyramids. 
Evaporated  at  the  temperature  of  21S°,  it  yields,  on  cooling,  thin 
fibrous  crystals;  and,  when  the  evaporation  is  carried  so  far  that 
the  salt  immediately  concretes  on  a  glass  rod  by  cooling,  it  then 
forms  a  compact  and  shapeless  mass. 

The  solubility  of  this  salt  varies,  according  to  the  temperature 
In  which  it  has  been  formed.  When  in  crystals,  it  requires  twice 
its  weight  of  water  for  solution,  or  half  its  weight  of  boiling  water. 
It  deliquiates,  in  all  its  forms,  when  exposed  to  the  atmosphere. 

The  most  important  property  of  this  salt  is  the  one  which  has 
been  already  described,  viz.  of  yielding,  when  decomposed  by  beat, 
the  nitrous  oxide.  One  pound  of  the  compact  kind  gives,  by  care- 
ful decomposition,  nearly  five  cubic  feet  of  gas,  or  rather  more  than 
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34  doses ;  so  thai  the  expense,  estimating  the  salt  at  5$.  lOd*  the 
pound,  is  about  9d,  for  each  dose. 

In  a  temi>erature  of  600^  this  salt  explodes,  and  is  entirely  de^ 
composed.    Hence  it  was  formerly  called  mtrumflamman8. 

;^  composition  varies  according  to  the  mode  of  its  prepikratioa, 
and  is  stated  by  Sir  H.  Davy  as  follows : 

Priimatie.  Fibrous.  Compaet. 

Acid  -  -  69.5  -  -  -  -  72.5  ...  -  74.5 
Base  .  -  18.4  ....  19.3  -  -  -  -  19.8 
Water      -     12.1     ....     8.2    -    -    -    -      5.7 


100.  100.  100. 

The  prismatic  variety  is  stated  by  Berzelius,  (80  Ann.  de  Chim. 
182,)  who  investigated  very  carefully  the  results  of  its  decomposi- 
tion, to  consist  of 

Atom. 

Acid  -  .  -  ^7.^^  -  .  -  .  1  ....  54 
Base  ...  21.143  ....1  ....17 
Water  -    -    -    11.232    ....    l     ...    .      9 


lOa  80 

Carbonates  of  AmmMWu 

(kahofiuAt  of  oamawma  consists  of  1  volume  of  carbonic  acid  and 
2  volumes  of  ammonia,  which,  wjien  mingled  over  mercury  in  that 
proportion,  undergo  complete  condensation.  As  100  cubic  inches 
of  carbonic  acid  weigh  46. 50^  grains,  and  200  of  ammonia  36.36 
grains^  in  all  82.92  grains,  carbonate  of  ainmonia  must  consist  of 

Atonu 

Carbonic  acid    -    5^20    -     1     -    22 
Ammonia       -    -    43.80    -    1    -     17 


100.  39 

These  proportions  differ  very  little  from  the  experimental  results 
of  Gay  Lussac  (56.02  acid  +  43.98  base). 

Bircarbonate  y  ammonia  was  formed  by  Berthollet,  by  impreg- 
nating a  solution  of  the  common  carbonate  with  carbonic  acid  gas. 
It  crystallizes,  when  evaporated  by  a  very  gentle  heat,  in  small  six- 
sided  prisms,  has  no  smell,  and  but  little  taste.  It  consists,  accord- 
ing to  Berthollet,  exclusive  of  water,  of 

Atoms. 

Carbonic  acid    -71.81-2-44 
Ammonia      -    -    28.19    -     1    -    17 


lOa  61 

Sesqui-earbonate  (f  ammonia. — Besides  these  two  compounds  of 
ainmonia  and  carbonic  acid,  there  is  another  which  is  generally 
met  with  in  the  shops,  under  the  name  of  tub-cwrbonaie  of  ammonia. 
It  is  produced  by  exposing  to  heat,  in  a  proper  subliming  apparatus, 
a  mixture  of  1  part  muriate  of  ammonia  and  li  of  dry  carbonate 
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of  lime,  and,  if  no  loss  occurred  during  the  opcratioDt  it  ou^hl  to 
coouMt  of  1  atom  of  carbiinic  acid,  1  uf  ainmunia,  aitd  I  of  WIl1l^r. 
But  the  heat,  which  is  iieccHaary  to  the  decotupoattiou,  expels  both 
ammuiuA  and  carbonic  acid, and  the  rcsultin);  sail  has  the  folluwUig 
proportions :  |. 

Acid.  Bht.  WMk, 

According  to  Dr.Urc"  -    -     54.5     -     30.5    -     15. 
Mr.  I'faUIipst      54.2    -     29.3    -     1&5 

The  atomic  consliiution,  nearest  the  above  proportions,  &Dd  that 
which  probably  belongs  to  the  salt  in  its  perfect  state, is  as  foUottu 

Acid     -     55.72     -    3     -     G6 


100.  118 

Viewing  it  as  a  compound  of  li  proportions  of  carbofiic  acid,  1 
ammonia,  and  1  of  water,  it  has  been  called  by  Mr.  Phillips  b  <e»- 
quircitrltoiuiie,  and,  if  this  view  be  unconnected  with  the  notion  of 
Its  containing  the  fraction  of  an  atom,  there  can  be  ou  objection  to 
the  name.  It  is  preferable,  indeed,  to  tliat  of  sub- carbonate^  which 
should  be  reserved  for  the  compound,  hitherto  unknown,  of  1  atom 
of  acid  and  2  of  base. 

When  the  sesqui.carbonate  is  fresh  prepared, it  has  a  crystalline 
appearance  and  some  iranspaienoy,  and  is  hard  and  tumpacL  It 
hat  a  pungent  smell,  and  a  sharp  penetrating  taste,  and  atfects  ve- 
getable blues  as  uncombined  allialics  do.  It  dissolves  in  twice  its 
weight  of  cold,  or  an  equal  weight  of  boiling  water;  but  at  the  tatter 
temperature  it  gives  oF  part  of  its  acid.  When  exposed  to  the  at- 
mosphercf  it  loses  weight  very  fast,  ceases  to  be  transparent,  and 
becomes  inodorous  and  brittle,  and  easily  reducible  to  powder. 
When  its  chemical  composition  is  now  examined,  it  is  found  to  be 
IdeDtical  with  the  bi-carbonate,  or  to  consist  of 
Two  atoms  of  acid  -  -  44 
One  atom  of  base      -    ■     IT 


79 

It  has  therefore  lost,  by  exposure  to  the  air,  1  atom  of  acid  and 
1  atom  of  base. 

By  varying  the  proportions  of  the  Ingredients,  and  the  regulation 
of  the  heat,  it  is  possible  to  obtain  a  bi-carbonate  at  once  by  subli- 
inalion.    (Annals  of  Phil.  N.  5.  iii.  UO.) 

Borale  of  ammonia,  formed  by  saturating  boracic  acid  with  am- 
monia, crystallizes  somewhat  like  borax.  When  heated,  part  of  the 
base  is  expelled-  It  consists,  according  to  Bcrzelius,  of 
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Acid    .    -    37.95    -    -     100. 
Ammonia     30.32    -    -      79.895 
Water      -    31.73 


100. 

Arfwedson  has  described  three  varieties  of  borate  of  ammonia, 
for  an  account  of  which  I  refer  the  reader  to  the  Ann.  of  Phil.  2d 
series,  x.  125. 

Photphite  tf  ammonia  is  a  very  soluble  salt,  and  is  with  difficulty 
brouglu  to  crystallize. 

I^popJiosphiie  of  ammonia  is  very  soluble  both  in  water  and  al* 
cohol.    Its  composition  has  not  been  ascertained. 

Phosphate  of  ammonia  may  be  formed  by  saturating  the  super- 
phosphate of  lime,  resulting  from  the  action  of  sulphuric  acia  on 
bones,  with  carbonate  of  ammonia.  The  liquid,  when  evaporated 
spontaneously,  crystallizes  in  low  four-sided  pyramids  with  square 
.  bases.  It  is  soluble  in  twice  its  weight  of  water  at  55^  Fahr.  When 
heated,  it  fuses,  swells,  and,  if  the  heat  be  strongly  urged,  loses  its 
alkaline  base,  the  phosphoric  acid  being  left  in  a  glacial  form. 

Su^Me  of  amrnomxa  crystallizes  in  six-sided  prisms,  terminated 
by  six-sided  pyramids.  It  is  soluble  in  an  equal  weight  of  cold, 
or  in  less  than  an  equal  weight  of  boiling  water.  It  attracts  mois- 
ture from  the  air,  and  rapidly  passes  to  the  state  of  a  sulphate.  It 
is  constituted  of  100  acid  -f  53.2  base,  or  of  an  atom  of  each  of  its 
elements ;  and  the  crystals  consist  of  2  atoms  of  salt  and  i  atom  of 
water;  but  they  may  also  be  obtained  anhydrous.  (Phil.  Mag.  and 
Ann.  of  Phil  Nov.  1827.) 

HyposulphUe  of  ammonia, — According  to  Mr.  Herschell,  this  is 
strictly  a  bi-salt,  consisting  of  -2  atoms  of  acid  and  1  of  base.  It 
does  not  readily  crystallize.  Its  taste  is  pungent  and  excessively 
bitter.    When  heated,  it  bums  with  a  feeble  flame,  and  evaporates. 

Sulphate  of  ammonia  may  be  formed  by  uniting  100  parts  of  the 
compact  sesqui-carbonate,  with  88  of  sulphuric  acid,  previously 
diluted  with  water.  The  salt  crystallizes  in  long  flattened  prisms 
with  six  sides,  terminated  by  six-sided  pyramids.  These  crystals 
have  a  cool  bitter  taste;  they  slightly  attract  moisture  from  the 
air  ;  are  soluble  in  two  parts  of  water  at  60^,  or  in  an  equal  weight 
of  boiling  water.  During  solution  they  produce  cold.  When  heat- 
ed, they  sublime ;  but  the  constitution  of  the  salt  undergoes  some 
change. 

It  is  composed,  according  to  Berzelius,  of  . 


Sulphuric  acid  -  53. 1  -  1  -  40 
Ammonia  -  --  22.6-  1  -  17 
Water    ....     24.3     -     2     -     18 


100.  75 

When  dried  as  much  as  possible  without  decomposing  it.  Dr. 
Urc  found  that  it  lost  an  atom  of  water,  or  that  it  consisted  of  61 
acid  -I-  25.96  ammonia,  +  13.04  water. 
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Selmiiea  nfamnumia. — Sclcnious  acid  {Kplcnicaf  Derzr.Uut)  unites 
wilh  ummonia  in  three  different  proportions.  formbiK  aelcnlte, 
biiclciiitc,  and  quadrisclcniic.  These  Htilta,  which  arc  not  import- 
ant, are  liescribed  by  BerzcHus,  under  the  name  of  selcniatc*.  ofifw 
due  only  to  the  corapuunds  nf  the  new  acid  nf  Miticherticb  ^Ui 
bases.     (Ann.  de  Chini.  el  Phys.  i\.  2G0.J  ^ 


SECTION  II. 
Coinl/iiialiona  of  Hytlritgni  with  Carbon. 

The  aerifonn  contpounds  of  hydrogen  with  carbon  cannot  be 
obtained  by  heating  charcoal  in  hydro^n  gax,  for  the  coboive  at- 
traction of  the  purticlcB  of  charcoal  effectually  prevents  cambina-  . 
tton.  It  muy  be  accomplished,  however,  by  expoung  to  a  hli^h 
leiii|>craturc  aomc  of  the  solid  and  liquid  compounds  of  hyilrogCB 
and  charcoal,  o(  which  there  are  several;  and  it  ti  pndvccd  aJ«o 
by  Eome  natural  operations,  especially  by  animat  and  regetablc 
putreraction. 

Until  lately,  only  two  distinct  and  well  characterized  compontuli 
of  carlwn  and  hydrogen  bad  been  so  well  investi^tcd,  as  fully  to 
satisfy  us  of  their  properties,  and  the  proportions  of  their  elemeais. 
The  (irsl   is   ciilled   ^impW  airhurctM   hi/ilrof;tn.   or    bi-fii///rurrl  of 

olefianl  gas.  Besides  these,  a  third  has  been  pointed  out  by  Mr. 
Dalton,  as  entering  into  the  composition  of  oil  and  coal  gas,  to 
which  he  proposes  that  the  name  of  »\tper-olefiant  should  be  provi- 
BiDnally  given  ;  and  Mr.  Faraday,  in  the  PhilosophicalTrajisactions 
for  1825,  has  still  further  enlarged  our  knowledge  of  these  com* 

{lounds,  by  bringing  us  acquainted  with  at  least  two  others.  The 
bllowing  Table  exhibits  a  general  view  of  these  gases,  the  fourth 
and  fifth  being  those  discovered  by  Mr.  Faraday.  I  omit  the  com- 
pound of  1  atom  of  carbon  +  1  atom  of  hydrogen,  as  not  yet  suffi- 
ciently made  out  by  experiment 

7}Mt  of  the  Goitous  Compounds  of  Carfxm  and  Hydrogtn. 


1   +3 


Q.5SS 

0.9r2 


PrT>i»iv 

Ek1i«1 

cmuiiu 

-°irtt' 

Hyd. 

c".'M,'"d. 

1vol. 

3  vol. 

6:2 

3  vol. 

2  vol. 

12  :2 

3  vol. 

3  vol. 

18  :3 

4  vol. 

4  vol 

24  -.A 

Gvol. 

3  vol 

36;  3 

pounds,  it  may  be  observed 


In  the  second,  third,  and  fourth  c 
that  carbon  and  hydrogen  arc  present  in  the  same  relative  pr^>or- 
lions  to  each  other ;  and,  in  their  constituliou,  these  gases,  thiere- 
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fore,  can  only  cliiTer  in  the  state  of  condensation  of  their  elements^ 
In  olefiant  gas,  2  volumes  of  gaseous  carbon,  and  2  volumes  of  hy- 
drogen, occupy  the  space  of  1  volume;  in  super-oleiiant,  we  have 
3  volumes  of  each  element  condensed  into  1  volume ;  and*  in  Mr« 
Faraday's  new  gas,  we  have  4  volumes  of  each  in  the  space  of  one 
volume.  It  is  probable  that,  besides  these,  other  aeriform  com- 
pounds of  carbon  and  hydrogen  exist.  We  may  expect,  for  instance, 
to  become  acquainted  with  a  compound  of  1  volume  of  carbon  and 
1  volume  of  hydrogen  condensed  into  1  volume.  Of  such  a  com-* 
pound  we  can  anticipate  the  specific  gravity  by  adding  the  sp.  gr. 
of  gaseous  carbon  .41G6  to  that  of  hydrogen  .0694,  making  O.486O9 
and  can  estimate,  from  obvious  data,  that  each  volume  must  con- 
sume 1.5  vol.  of  oxygen,  and  give  1  volume  of  carbonic  acid.  It 
is  remarkable  that  this  compound  of  an  atom  of  each  element  has 
not  yet  been  met  with  in  nature,  or  been  produced  in  a  distinct 
form  by  art,  though,  on  theoretical  grounds,  it  might  have  been 
expected  to  be  the  one  which  would  be  most  readily  and  frequently 
formed.  Dr.  Thomson  has  proposed  for  it  the  name  of  carbO'hy'' 
drogen^  and  has  described  a  compound  gas,  which  he  believes  to 
be  constituted  of  an  atom  of  carbo-hydrogen  and  an  atom  and  a 
half  of  chlorine. 

By  the  destructive  distillation  of  solid  and  liquid  compounds  of 
carbon  and  hydrogen,  it  is  seldom  that  we  obtain  any  one  of  these 
gases  separately,  but  in  most  cases  a  mixture  of  two  or  more. 
Hence  there  is  an  almost  infinite  variety  in  the  specific  gravity  and 
composition  of  gases  thus  obtained,  which  gave  occasion  to  the 
opinion  that  charcoal  and  hydrogen  arc  capable  of  combining  in 
every  proi)orli(m.  There  can  be  no  doubt,  however,  that  these  ap- 
parently numerous  compounds  arc  mixtures  of  a  few ;  and  that 
combinations  of  charcoal  and  hydrogen  take  place  in  definite  pro- 
portionn  only,  with  this  peculiarity,  that  they  dift'er  from  each  other 
not  so  much  in  the  relative  proportions  of  their  elements,  as  in  the 
numbers  of  volumes  or  atotns  condensed  into  a  given  vohmie. 

Art.    1. — Carlmreted  Hydrogen  Gas. 

This  gas  has  been  distinguished  also  by  the  name  of  heavy  inr 
flammable  air^  gas  of  marslics^  hydro-carburet^  profo-carburet  of  hy- 
drogen^ and  has  been  termed,  by  Dr.  Thomson,  bi-hydroguret^  ab- 
bi*eviatcd  by  others  into  bi-iiydntret^  of  carbon,  * 

It  may  be  obtained,  mixed,  however,  with  about  -^^  of  carbonic 
acid,  and  ^^  or  -^^  of  nitrogen  gas,  by  stirring  the  bottom  of  almost 
any  stagnant  pool  of  water,  especially  if  formed  of  clay.  When 
this  is  done  by  an  assistant,  the  gas  is  copiously  disenga^d  in 
1)ubbles,  which  may  l>e  collected  either  in  an  inverted  glass  jar,  or 
in  an  inverted  bottle  filled  with  water,  into  the  mouth  of  which  a 
funnel  is  fixed.  It  should  be  washed,  when  collected,  with  lime 
water  or  li()uid  potassa. 

It  may  also  be  procured  by  the  purification  of  gas  from  coal,  by 
means  of  chlorine  and  solution  of  ixotassa,  applied  in  succession. 
Vol.  I.  Z  z 


inamanncvwhicli  will  (iftcrwardii  be  tiocribed  in  «pealiinBorco*l 
gaa. 

Carburetcil  hydroitirM,  thus  ohiained,  iti  pcrntancni  artr  water, 
which,  «fier  U-iiiK  wi^ll  purgrtl  of  air  hy  boiling,  is  capable  of  uk- 
iog  up  about  ,V''  °^  ''*  '**'"'■  ''  •*"  "^''3'  ""'"  <'*'""'■'  '•'^  ■"■■? 
and  disagrccaltle  iiraell  of  coal  ga»  being  depeiiacnl  on  riHrign  M- 
TDixiiim.  lis  Kpecific  gi-aviiy,  from  Dr.  Thomson'*  cxpL-rtmeiiU 
and  tny  own,  i»  0.55,1 ;  and  hfuce  100  cubic  inchts,  at  a  mean  of 
the  bsromcicr  and  [hermonicler,  weigh  lti.93  jfrains. 

When  set  on  fire  as  It  issuen  fnim  a  small  oilficc,  it  htinw  with 
«  yulluw  flauie,  giving  nnt  vaKtlj-  more  light  than  hydrogen  (is. 
When  mixed  with  alrooiinheric  air,  il  may  be  kindled  hya  lightvd 
taper,  and  it  explodes  witn  violence,  provided  it  forms  not  leu  than 
,yh  of  the  mixture,  and  doca  not  exceed  ith.  >yiih  oxygen  itaa. 
the  detonation  is  louder  and  more  violent;  but  it  ts  necewary  ihal 
the  oxygen  should  ruther  exceed  the  intlaromabic  gaa  in  nuamei 
and  yet  should  not  be  more  thou  24  times  its  bulk.  Under  a  prea- 
aure  diminished  helotv  jib  that  of  lliC  atmosphere,  (lie  mliturv 
ceuM*  to  be  combuuible ;  and  its  inflammability  is  aUu  much  lu- 
aened  by  mtti)(lintt  it  with  carbonic  acid  and  somcuihtfr  gatx*.  To 
hum  it  completely  in  close  vessels  over  water  or  mercury,  it  i>  ne- 
cessary lo  u»c  more  than  twice  its  volume  of  oxygrn  goa,  of  wUch 
exnelly  two  volumes  arc  consumed,  and  carbonic  ucid  It  umdaicei, 
equivalenl  In  volume  to  the  inflammable  gas.  Now  we  kaov  Ihtt 
in  carbonic  acid  gas  there  exists  exactly  Us  volume  of  oxygen  j  atu) 
hence  one  volmnc  of  the  oxygen  spent  is  found  in  thai  coinpoupd. 
and  Ihe  other  volume  has  formed  water  with  the  hydrogen,  which 
last  eli'mcnt  muii  have  existed  in  ([uantity  equivaleut  to  twice  the 
hiilkot"  lii  ■  in[l  -.nnii-'lr  t:us.  The  water  produced  may  be  coUeci* 
ed  l)y  III.  ■■■.>  .  ,.  ij-.ii..iu  of  llie  gas,  but  this  is  not  neeeasmrf 
for  calculating  the  proportion  of  its  elements,  which  maybe  cor- 
rectly stated  as  follows : 

„  ,  .  .      (3  vols,  hydrogen      -     aiSBS  ' 

One  volume  contains  j  J  ^^,^J^^ B^  _     -     a4l66 

Specific  gravity     -     0J554 
n         ■   L    ■.  ■  .      r    ^  2  atoms  of  hydrogen      S 

Atomic  weight  -  8 
When  carbureted  hydrogen  and  chlorine  gases  are  mixed  toge- 
ther, no  change  hajppens  cither  immediately  or  on  standing,  pro- 
vided light  be  carefully  excluded  ;  but,  if  exposed  to  the  ordinary 
light  of  day,  and  still  more  rapidly  in  sunshine,  a  mutual  action  en- 
sues. If  4  volumes  of  chlorine,  and  1  of  carbureted  hydrogen,  be 
thus  kept,  during  a  feu  hours,  in  a  bottle  filled  entirely  with  the 
mixture,  and  funushcd  with  a  well-ground  slop^r.  on  rcmoviag 
this  under  water,  a  sudden  absorption  of  muriatic  acid  ga»  takes 
place,  and  1  volume  of  carbonic  acid  remains.  Three  volumcaef 
chlorine  and  1  of  carbureted  hydrogen  afford  a  reaidne  ef  cartauc 
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oxide.  In  both  cases,  water  is  decomposed  (for  the  gases  do  not 
act  at  all  on  each  other  if  perfectly  dry),  the  oxygen  of  the  water 
uniting  with  the  carbon,  and  its  hydrogen  with  the  chlorine.  If  the 
quantities  be  sufficiently  large,  and  the  sun's  rays  fall  on  the  mix- 
ture, a  detonation  ensues,  which  may  also  be  produced  either  by 
an  electric  spark,  or  by  a  lighted  taper. 

Art.  2. — OlefiarU  Gas, 

This  gas  was  discovered  by  the  associated  Dutch  chemists,  and 
was  termed  by  them  oUJiant  gas^  from  a  property  which  will  pre- 
sently be  described.  It  has  since  been  called  bi-carlmreted  or  per- 
carbureted  hydrogen,  and  by  Dr.  Thomson  hydrogtiret  of  carbon  ;  but, 
to  avoid  all  ambiguity,  I  shall  continue  to  use  its  original  name, 
which  has  never  been  applied  to  any  other  substance.  It  may  rea- 
dily be  obtained  by  distilling,  in  a  glass  retort,  with  a  gentle  heat, 
three  measures  of  concentrated  sulphuric  acid,  and  one  measure  of 
alcohol.  The  mixture  soon  assumes  a  black  colour  and  thick  con- 
sistence, and  a  gas  is  disengaged  which  may  be  collected  over  wa- 
ter, and  freed  from  carbonic  acid  by  washing  it  with  liquid  potassa. 
If  left  to  stand  long  over  water,  it  sustains  a  diminution,  that  fluid 
being  capable  of  taking  up  ith  of  its  volume  of  the  gas. 

Olefiant  gas,  when  pure,  has  very  little  odour,  except  when  min- 
gled with  a  little  sulphuric  ether,  which  is  formed  along  with  it. 
Its  specific  gravity  is  stated  by  the  Dutch  chemists  at  .909;  by  my 
experiments,  made  several  years  ago,  it  is  .967;  by  those  of  Saus- 
sure,  jun^  .9852;  and,  by  Dr.  Thomson's  latest  trials,  0.9709.  Ac- 
cording to  the  last-mentioned  result,  IQO  cubic  inches,  at  a  mean 
of  the  barometer  and  thermometer,  weigh  39.64  grains. 

Olefiant  gas,  when  set  on  fire  as  it  issues  from  the  orifice  of  a 
small  pipe,  bums  with  a  remarkably  dense  and  bright  flame,  very 
superior  to  that  of  simple  carbureted  hydrogen.  When  mingled 
with  oxygen  gas,,  it  detonates  very  loudly  and  forcibly,  and  if  flred 
by  electricity  in  a  Volta's  eudiometer,  is  apt,  unless  very  small 
quantities  l>e  employed,  to  burst  the  instrument.  One  volume  re- 
quires 3  volumes  of  pure  oxygen  gas,  and  afibrds  2  volumes  of  car- 
bonic acid  gas.  But,  in  order  to  ensure  the  perfect  combustion  of 
the  inflammable  gas,  it  should  be  mixed  with  5  times  its  bulk  of 
oxygen,  of  at  least  90  per  cent,  purity.  If  too  little  oxygen  be  used, 
charcoal  is  apt  to  be  precipitated  unbunied;  and  a  small  excess  of 
oxygen  does  no  harm,  but  remains  in  the  mixture.  When  fired 
with  less  than  its  own  bulk  of  oxygen,  the  separation  of  charcoal  is 
very  evident,  and  the  bulk  of  the  residue  is  greater  than  that  of  the 
original  gases. 

Calculating  the  constitution  of  this  gas,  from  the  oxygen  spent 
in  its  combustion  and  the  carbonic  acid  formed,  precisely  as  was 
done  with  respect  to  carbureted  hydrogen,  we  have  the  following 
results : 

f  u      I  ^  2  vols,  of  hydrogen    -    -    0.1388 

In  each  volume  ^  ^  ditto  of  carbon    -     -    -     0/8332 

Specific  gravity     a  9720 
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The  compound  atom  consists  of  ^  |  J°™»  °f  Jj^'oiT"    -     12 

Atomic  weight     -     14 

Its  greater  cornbiistihility  evidently  dcpctids  on  its  containing  in 
a  given  volume  twice  the  '{uantity  of  carbonaceous  matter,  that  is 
present  in  simple  carbureted  hydroi>;en. 

When  chlorine  gas  is  added  to  oleflant  gas  over  water,  an  im- 
mediate diminution  ensues ;  and  this  effect  takes  place  even  when 
the  vessel  is  shaded  from  the  light  by  an  opaque  cover.  It  is  there- 
fore wholly  independent  of  the  at^ency  of  light,  and  may  be  made 
the  basis  of  a  method  of  analyzing  a  mixture  of  oletiant  and  carbu- 
reted hydrogen  gases.  For  of  the  diminution  thus  produced,  one 
half  is  due  to  the  oleiiant,  and  one  half  to  the  chlorine  gas,  those 
gases  having  been  ascertained  to  saturate  each  other  in  equal  vo- 
lumes. Into  a  graduated  tube  standing  over  water  admit  50  or  40 
measures  of  chlorine  gas,  and  note  its  bulk  when  actually  in  the 
tulx:,  which  must  be  shaded  by  an  opaque  cover.  Then  add  a  known 
quantity  (suppose  50  measures)  of  the  gas  under  examination  ;  and, 
after  ten  minutes,  cautiously  lift  the  outer  cover,  till  the  surface  of 
the  water  ap])ears.  If  the  volume  of  the  two  gases  has  suffered  no 
diminution,  we  may  infer  the  absence  of  olefiant  gas;  but,  if  the 
united  bulk  of  the  two  gases  be  less  than  the  sum  of  their  separate 
volumes,  divide  the  diniinution  by  0,  and  the  (juotient  will  show 
ho\\  p.uirh  oli'luml  i^^as  li;,s  l)erii  cohdrnsfd.  In  lhi^  >\avl  Ii..\e 
I(jmm(1  tlKit  i)M-i'i.iiit  .:Mil  (■a!"I)i4"i'tccl  h\  (lri»':»-ii  ■.;;'.si"-.  in.. V  1  c  :..  ■  ■  ..  - 
Is  si-j!:M:;:i(I  IVoiii  i\n  \\  tillivjr;  luit  il  is  nccrs^ai  v  Wi  i;m' .;  >!;  j.':!  •  \- 
I  I's^  (it  t  I;!'iri;u',  v.  hiih  luav  ;!i*Ui"\vui  »U  l)i-  it'iiM>\t(l  !)V  u-'^iii?  .  '  »■ 
riM(l;:«'  v.  iili  I'njuiil  |iut..^.;:.  l,:h1  ll.r  t  ;ii-l)i:i-  :ril  h\  il?  ••.::•;  v.  ii:  ■ 'i. 
!»«'  :i'jt-iin.,|  j)«ii'e.  Tlii-  i'\i  lu-^ioii  (»i"  \'i'.r\\\  \^  !n-.  .s  ..IV  ".:»  i)'.«n  •  \- 
j)t'i-iii\i  :,t,  i»)  u\'iijl  llu'  lisk  nf  i-n  «  \j)in^';i,ii,  w  lii. '^  '...^  ''wu  >.'  - 
S(i-\'(1  Id    liapnt'iu  ;i   di'iisi'   {I»t,,,v,i|  ,,!'  I  Ik,;-,  n;;!    :;;    \i\r   >..-\u-  'i'.i."- 

iJ\  tin-  ;;(  :l')u  I'l' rhltiiiiif  ?;lis,  u  litjuid  Mi!)si;iiii  »■  i*,  t- 'n;-.-.  .!,  '.•  ..;■.- 
priiiMin  I-  \(ry  i:).i(  h  ri'snuMini;  oil,  and  v.li'nh,  ln-in^"  a\  t..  -  ip.>- 
tak«'n  lo;- (/il,  «>■  (  :r.ii»ru'd  tliis;.^..s  to  \>c  cvAU'd  "/>  /itfnf.  \i  jn.ss,  s.,., 
\v)\\  >\ri\  \(i  y  diir<':(iit  jiPf  jpiM  I  ir-.  {'rnu\  tho^r  (A'  oil.  and  iii'iri*  ui  ..  ■  "^ 
:ij>|):-«>.i(  lu-i  ill  (  Kai  .1'  !»M-  l  •  i:;ii'i'.  Ir  m.iv  In-  i  olji-i  ird  i!=  .jLa!:' .  ■ . 
I»y  ini\ih.7  !.i-  •■  '  ■.mu  ^  .  f  .  I'.l  iiiin-  ;-.!iil  .d' tiahi  :.  -.v.  ■..■kiti;.;  <  .: 
t'MuiNr  ..!!  i-\.  ,  -.i.l"M»«'  l.ir.i't;  a!i  1  i:  i.i.i\  lir  puiii.i-d  •>  \. ..-.!  .■  - 
it  \\]*.\\  V.  .r.rr,  ..•.'  t  li'-n  flisiiijiii!-  i:    iVom  di\  «!dii:ii.«-    "I"   i  ...i  i  .. 

It    li.:'^  .■.!».!  -ir.  .'.Mr  I'll,  ■  i  .1     -^tm;!,  :.!,d   .1    Imt    II II]  dr..-. .!ir   !..-:.  .       'f- 
si>.  .iti-     iM.:\i!\    .■•     I..      )■.     :      I.  :  :i:|  ;   il   ;.-,il^  „f     |  ,»  2    ;  ..■    \' .       ,i>x 
pour  i-'  <  .i|»:j!i:.    (if  ^u|iiMir;ii;  r  ,.  ,  .diniin  id"  iiit-it  ui\    :  I.M-  iii.  li-  ^  :•■ 
hri'^iit.  and  llit-  ^jn-  ili.     j;'"-'^ '•>   'd"  i'.-.    njJioi.i     i-.  t.>    ilii:-   -d"  ..]'    . 
'»■  I  * '^  *  ''»  1-     It  •  oiisisis  oj"  1  \.d.    <.i"  I  li'iui  i«..-    I-    !   \.d.    «  1   •-!«;!.  •■ 
I'. I".  I  ondi  iix'd  into  I  miI.  m-  ',\  \, ,  j    jji  ,,|" 

<"i'l"i  ''»•■  -      7  \.'      -     '-  I  ..:■■.,  .-'i 

Oil  tiani  jja-,  ■       V.  >  I  dli*  .  -      N 
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When  olefiant  gas  is  mixed  with  eight  or  nine  times  its  bulk  of 
chlorine^  and  exposed  to  the  sun's  rays,  at  first  the  fluid  hydro- 
chloride of  carbon  is  formed,  and  this,  by  continuing  the  exposure, 
is  changed  into  tlie  crystalline  compound  of  carbon  and  chlorine, 
discovered  by  Mr.  Faraday,  and  already  described  as  the  perchlo- 
ride  of  carbon, 

Hydriodide  of  carboru — When  iodipc  and  olefiant  gas  are  exposed 
in  a  similar  manner  to  the  sun's  rays,  the  two  substances  unite,  and 
form  colourless  crystals.  When  the  redundant  iodine  has  been 
washed  away  by  liquid  potassa,  and  the  residue  collected  and  dried, 
it  is  a  solid  white  crystalline  body,  heavier  than  sulphuric  acid ; 
having  a  sweet  taste  and  an  aromatic  smell ;  friable,  and  a  non-con- 
ductor of  electricity ;  fusible,  and  capable  of  being  sublimed  at  a 
moderate  heat  without  change ;  but  decomposed  by  a  strong  heat. 
It  is  not  readily  combustible,  but,  when  held  in  the  flame  of  a  spirit 
lamp,  burns,  diminishing  the  flame,  and  giving  off  abundance  of 
iodine  and  some  fumes  or  hydriodic  acid.  It  is  insoluble  in  water, 
and  in  acid  and  alkaline  solutions;  but  dissolves  in  alcohol  and  in 
ether.  It  may  be  termed  hydriodide  of  carbon^  or  hydro-carburet  of 
iodine.  (Faraday,  Phil.  Trans.  1821.)  From  an  analysis  by  Mr. 
Faraday,  it  appears  to  consist  of  1  atom  oC  iodine  -f  2  atoms  of 
olefiant  gas.  (Quarterly  Journal,  xiii.  429,  and  Mitscherlich,  Ann. 
de  Ch.  ct  dc  Ph.  xxxvii.  85.) 

Hydro-bromide  of  carbon, — Olefiant  gas  and  bromine  were  found, 
by  M.^alard,  to  act  upon  each  other.  A  drop  of  bromine,  intro- 
duced into  a  flask  full  of  the  gas,  absorbs  it,  and  assumes  the  ap- 
pearance of  an  oily  fluid,  heavier  than  water,  and  of  a  sweet  ethcrial 
flavour.  It  is  not,  however,  like  hydro-chloride  of  carbon,  convertible 
into  a  bromide  of  carbon,  by  further  exposure  in  olefiant  gas  to  sun- 
light. It  is  produced,  also,  by  distilling  the  mother  liquor  of  salt 
pans,  through  which  chlorine  has  been  passed.  M.  Serullas,  who 
has  pursued  the  investigation  of  its  formation  and  properties,  finds 
that  it  is  l)est  obtained  by  bringing  2  parts  of  bromine  into  contact 
with  1  of  hydriodide  of  carbon ;  the  products  being  bromide  of 
ifxiine,  and  hydro-broinide  of  carbon.  At  23®  to  25'*  Fahr.  the  latter 
compound  becomes  solid,  and  then  iTsembles  camphor.  (Ann*  de 
Ch.  et  Phys.  xxxiv.  95.) 

Art.  3. — Of  Sttpcr-Ohfumi  Gas. 

The  name  of  super-olefiant  has  been  given  by  Mr.  Dalton,  provi- 
sionally, to  a  gas  not  yet  exhibited  in  a  separate  form,  but  mmgled 
with  others  in  the  aeriform  products  of  coal,  oil.  See.  In  the  Phi- 
losophical Transactions  for  1821,  p.  150,  I  have  given  an  account 
of  the  discovery  of  this  gas  by  Mr.  Dalton,  and  stated  circum- 
stances which  leave  little  room  for  doubt  of  its  existence  as  a  dis- 
tinct species.  One  volume  requires  for  complete  combustion,  ac- 
cording to  my  experiments,  4i  volumes  of  oxygen,  and  gives  3 
vols,  of  carbonic  acid.  Its  specific  gravity,  as  near  as  I  could  ap- 
proximate, is  1.4,  but  if  constituted,  as  seems  probable,  of  3  volumes 
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of  g^H-nus  r^rbon  and  H  volumes  uf  hydrogen  condnnsnl  Intn  t 

volume,  im  xpeulflc  (^raviiy  should  be 

Sp.  Br.  of  hydrogen    .OC94  x  3  ■=  aaOBS 
Sp.  gr.  of  cnrbon  •     .4166  X  3  —  1.3498 

lislimaied  sp.  gr.  1.4580 
That  It  is  a  pci'mancnt  gHs,<And  not  n  vapour,  1  nxcertainctl  bj 
subjecting  a  portion  of  oil  g^x,  of  wliich  it  formed  more  itiut  40 
per  cent.,  to  the  temperature  produced  by  a  mixture  of  saow  awl 
muriate  of  lime,  which  did  not  liijucfy  any  appreciable  portion  of 
iu  Like  otofiant  gu,  it  is  condensable  by  chlorine,  but  tlu:  pruducl 
baa  a  peculiar  smell,  difTeritig  from  that  of  chloric  ether,  aiul,  I 
luve  rea!H>n  to  believe,  consists,  partly  at  least,  of  a  t^ompoHfid  of 
chloriiie  aud  carbon. 

Akt.  4. — Neto  Compound*  of  Carbon  and  I^drogen,  fRtamnd  8y 
Mr.  FaTwiaj/. 
When  oil  gas  (sec  art.  5,)  is  aubjecied,  in  proper  veuelv,  tn  a 
pressure  of  about  fiO  atmospheres  a  Huid  is  deposited  in  ihc  pro- 
Itortton  of  nearly  a  ^al}on  from  1000  cubic  feci,  which  loaf  be  dimwn 
off,  and  preserved  tn  (t'ass  bottles  of  ordinary  strength.  It  ia  a  Ulio 
li){ht  fluid,  sometimes  transparent  and  colourless,  at  others  opalcs- 
cent,  being  yellow  or  browu  by  transmitted,  and  Krecn  by  rcnciMil 
IlRhl.  Ii  hus  (he  odour  of  oil  gas.  ItsspiMil:-  -limm  ,-.  -..IKI.  It 
d'..'s  !,»(  s..|i,liry  .,1  ;,  U-niiHTatUI-e  of  (»  F;ili|-.       I'    .-.  ■  ■.    .!  r.li.X- 

ture  of  various  fluids,  which,  though  they  resemble  each  other  in 
being  combustible,  and  in  throwing  off  much  smoke  when  burnt  in 
large  flame,  may,  by  their  diflerence  of  volatility,  be  separated  in 
part  from  each  other. 

A  portion  of  the  liquid,  distilled  by  the  heat  of  the  hand,  gave 
about  thrice  its  volume  of  uncondensed  vapour,  and  was  separated 
into  a  fluid  which  boiled  more  easily,  and  another  which  boiled 
leas  easily,  than  the  original  one.  In  taking  the  products  suc- 
cessively at  every  10°  Fahr.  it  was  observed  that  the  boiling  point 
yraa  more  constant  at  or  between  176°  and  190°  than  at  other 
temperatures  Urge  quantities  of  fluid  then  distilling  over  with- 
out any  change  of  the  degree  of  heat  i  whereas  in  other  parts 
of  the  series,  it  was  constantly  rising.  Hcjeciing  what  came  over 
under  170°  Fahr.,  the  subsequent  products  were  received  sepa- 
rately at  every  10°  up  to  200"  or  210°,  These  were  again  rec- 
liiied,  and  the  products  between  175°  and  195°  collected  apart 
from  the  rest,  and  subjected  to  a  cold  of  0  Fahr.  by  means  of  a 
freezing  mixture.  Crystals  were  thus  deposited,  in  the  midst  of  ■ 
Huid,  from  which  they  were  separated  by  bibulous  paper  introduc- 
ed into  the  tube,  and  then  by  strong  pressure  between  folds  of  bib«- 
lous  paper  cooled  to  0  F'ahr.  The  substance  thus  obtained  was  di»- 
tilled  from  caustic  lime,  to  separate  any  water  that  might  still  ad- 
here to  it. 

Though  a  solid  at  low  temperatures  yet,  in  common  circvm- 
stances  this  compound  appears  as  a  colourless  traniparcnt  liqaid. 
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having  the  odour  of  oil  gas.  Its  specific  gravity  is  about  0.85  at 
60°.  When  cooled  to  about  32°  it  becomes  solid,  but  fuses  again 
when  raised  nearly  to  42°  Fahr.,  thus  agreeing  with  water,  which, 
as  is  well  known,  may  be  cooled  several  decrees  below  its  freezing 
point,  without  being  changed  into  ice.  During  congelation,  9  parts 
in  bulk  contract  to  8  very  nearly;  hence  its  specific  gravity  is  about 
0.956.  At  0°  Fahr.  it  is  a  white  or  transparent  solid,  brittle,  pul- 
verulent, and  of  the  hardness  nearly  of  loaf  sugar. 

When  exposed  to  the  air,  it  entirely  evaporates.  Its  boiling  point 
in  a  glass  vessel  is  186°.  The  specific  gravity  of  its  vapour,  cor- 
rected to  the  temperature  of  60°  Fahr.  is  nearly  40,  hydrogen  being 
I.  It  is  slightly  soluble  in  water,  but  very  soluble  in  fixed  and  vo- 
latile oils,  in  ether,  alcohol.  Sec;  the  alcoholic  solution  is  prcclpjh 
tated  by  water.  It  is  decomposed  by  being  transmitted  through  a 
red-hot  tube,  depositing  carbon,  and  yielding  carbureted  hydrogen 
g^s.  It  is  very  combustible,  burning  with  a  dense  smoke  if  not 
well  supplied  with  air,  but  otherwise  burning  with  extreme  bright- 
ness. When  admitted  to  oxygen  gas,  so  much  vapour  arises  as  to 
make  a  powerfully  detonating  mixture.  It  enters  into  union*  with 
chlorine,  and  afibrds  both  a  solid  and  fluid,  both  of  which  are  triple 
compounds  of  carbon,  chlorine,  and  hydrogen,  in  different  propor- 
tions. 

The  action  of  sulphuric  acid  on  this  compound  is  very  remarka- 
ble, the  combination  taking  place  without  heat,  with  no  blackenittg 
of  the  acid,  and  with  no  formation  of  sulphurous  acid.  The  acid 
thus  combined  forms,  with  bases,  a  peculiar  class  of  salts. 

By  analysis  over  ignited  peroxide  of  copper,  the  gas  or  vapour 
was  proved  to  consist  of  so  nearly  12  parts  by  weight  of  carbon 
and  1  of  hydrogen,  that  we  may  consider  it  as  a  bi-carburei  of  hydro- 
geOj  constituted  of 

Carbon       -     -    2  atoms     -    6  X  2  ■«  12 
Hydrogen  -    -     1  atom 1 

Atomic  weight     -     13 

For  its  combustion,  1  volume  of  the  vapour  requires  7^5  volumes 
of  oxygen,  6  of  which  combine  wilh  carbon  to  form  6  of  carbonic 
acid,  and  the  remaining  1.5  combine  with  3  of  hydrogen  to  fonii 
water.  The  hydrogen  present  in  1  volume  is  equivalent,  therefore, 
to  3  volumes, and  the  carbon  to  6  volumes;  or  a  volume  of  the  sub- 
stance in  vapour  contains 

Carbon     -    -     6  x  6  «  36 
Hydrogen      -     1x3=     3 

39 

and  its  weight  or  specific  gravity  will,  of  course^  be  39,  hydrogeii 
being  1. 


The  portion,  incondensable  from  the  rectified  fluid  by  a  cold  of 
0^  Fahr.,  when  separated  from  the  crystalline  solid,  boiled  at  186°. 
In  its  general  characters  of  solubility,  combustibility,  non-actioii  of 
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polassium,  &c,  it  agreed  with  the  substance  already  described.  Its 
sp.  gr.  was  0.86  at  C)i)^.  Sulphuric  acid  acted  upon  it  much  more 
powerfully  than  upon  the  bi-carburet,  and  was  thickened  and  black- 
ened. By  analysis,  it  gave 

Carbon    -    -     8.764 
Hydrogen    -     1 

But,  as  it  must  necessarily  have  contained  much  bi-carburet  of  hy- 
drogen, it  i.^  evident  that  if  in  a  pure  state,  the  proportion  of  car- 
bon would  fall  much  below  the  above,  and  would  probably  be  as  6 
only  to  1,  constituting  a  simple  carburet  o^  hydrogen,  or  true  binary 
compound,  containing  an  atom  of  each  element. 

Xcw  Carburet  of  Hydrogen, 

This  was  obtained  from  the  original  fluid  by  distilling  it  wiih 
the  heat  of  the  hand,  and  condensing  what  came  over  by  a  cold  of 
0®  Fahr.  The  condensed  liquid  boiled  by  a  very  slight  increase  of 
temperature,  and  was  resolved  into  a  gas  permanent  over  mercury 
at  common  temperatures.  This  gas,  being  cooled  to  0°,  again  con- 
densed into  a  lic^uid,  which,  when  examined  in  a  tube  hermetically 
sealed,  had  the  sp.  gr.  0.627  at  54°:  it  is  therefore  the  lightest  fluid 
known. 

The  gas  or  vapour  at  60^  Fahr.  has  the  sp.  gr.  27  or  28,  hydro- 
gen beini^  1.  When  ac^itatod  wiib  walor,  it  is  absorbed  in  smaU 
(Hianiitir^.  Alcnho!  a})s()rl)s  it,  utuI  :i  s<;lw'.inn  is  (>l);;iiiu  :1.  fr";;; 
wirich  much  of  ilir  ;<as  is  disrni^aj^fd  by  the  addili'.'ii  •.!  u  i-i  ■. 
()li\i'  oil  dissulvos  about  six  liiiu's  its  vohinu;  ;  oiu.'  ^oiurut  •>{  ^  .!■ 
phuric  acid  condcnsv's  a!)(>vi'  U)()  volumes  of  iho  \ap"ur,  wi: ii  ti.i 
I'xolulion  ot*  threat  ht*at ;  the  acid  is  much  blackeiUMl;  ^nd.  on  ililu 
lion,  I)ccomcs  turbid,  l)Ut  |^^iN<-s  out  no  ;;a^. 

One  volume  ol"  the  \a|)r)ui-  «'oMsumcs  h  \olunu*r>or  t.\\^-.  •..  ■  !" 
wliich-tarc  spent  in  lormin;;  i  ar!)onic  a(  id,  and  0  in  p;--'l!.»  :■!  ■ 
walcr.  On  tliis  view  4  \(dumes  of  h\cl:o«;-en  =  4  »;ri-  iu:i...::.\  : 
with  -I  V(ilumes  of  carbon  (=  ^2  I .  to  form  1  \olume  of  the  ■  K''.\*..-- 
tible  L.us,  the  specilic  rraviiv  of  which  slu):dd  tlierefoi"  It  >. 
u;;reeini,^  veiy  nearly  with  the  r«'sult  of  experiment. 

C'hl<.:iTu-  and  iliis  !.;;ls  or  vapour  combine  in  nearly  rcpial  \oIii'-.-.i  -. 
produi  in;.^  a  lifjuid  /'//.//•<>- c// A ^y/^//  uf  a//"///;//,  \\l-.i(h  must  (e. •.:■'; 
twice  as  mu<h  hwho-^en  and  <ar!)on  as  the  licpiid  o!)lained  i-v  ::..■ 
similai'  tr:  atment  »>!' olefiant  ;^as.  This  li(jiild.  expnsed  to  k  ijiii.i-' 
in  sun-lij-ht,  absmbs  a  further  p«>i-tion,  but  no  cldoriile  of  iMr'i.  :■  ;- 
pn*di(  id.  'ri:is  iN  a  ri-markai)le  (  ire  umstant  e,  ami  <  i»n't«rs,  \  :'.  . 
othc:-   hi;  !■.,  l.»  \\\i.\\    iIm;,   l!i(iU;,li  thr   tlenunls  of  ihe    nt-w    .;.in  i  : 

vapon:-  ai«-  tin-  s,:n:e,  !''>th   in  kind   and  in  prupoi  lit.n.  ,:^   u\n t 

olefian;  ji^.i^,  yj-t  i!»at   tlsc)  aie   'u\  a  \ery  ditV«r«-nl  --laie  of  comb":-...- 
tion. 

It  lias  bii-n  I'emarked  I}y  Mr.  I'arad.ax,  that  the  j)h«  noMii-n.i.  i\- 
!ii!)ited  l)y  oil  }^a^.  \\l,i(!i  led  M:-.  Dalinn  to  iijfer  tin-  r\is'(  m<  i  M 
supt  r-o|ctian;  ijas  as  one  of  it.vi  (  wnstitu*  uts,  may  be  eipi.tl!\  \m1! 
explained  on  the  .>u|)pusiiioii  that  oil  i^as  consists  c»l"  iiii\turt:i  of 
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previously  knovm  gases  with  the  4th  and  5th  of  the  table  (page 
360),  and  probably  with  others  as  yet  undefined.  It  must  be  ao 
knowledgcd  that  the  third  gas  of  the  table  still  remains  to  be  esta« 
blished  as  a  distinct  species,  though  there  appears  to  me  sufficient 
reason  to  believe,  from  analogy,  that  it  forms  one  of  the  series. 
From  the  experiments  of  Mr.  Faraday  it  may  be  deduced  that  no 
more  volatile  substance  is  present  in  oil  gas  than  the  one  (No.  4  of 
the  Table)  requiring  a  pressure  of  4  atmospheres  at  60°  Fahr. 

All  the  vapours  or  gases,  which  are  denser  than  oleiiant  gas,  it 
was  found,  may  be  separated  from  that  gas  and  from  bi-hydruretof 
carbon,  with  considerable  exactness,  by  sulphuric  acid  or  oil.  Sul- 
phuric acid  introduced  over  mercury  absorbs  them  instantly,  evolv- 
ing no  sulphurous  acid,  and  not  acting  on  oleiiant  gas,  except  af- 
ter a  contact  of  some  hours.  In  this  way,  good  oil  gas  lost  22  or 
23  per  cent.;  oil  gas,  after  compression  into  Gordon's  portable 
lamps,  lost  17  or  18  per  cent. ;  and  coal  gas,  of  poor  quality,  lost 
about  3.1  per  cent.  Oil  may  be  used  in  a  similar  manner  for  the  se- 
paration of  these  vapours,  of  which  it  condenses  about  6  times  its 
volume  at  common  temperatures. 

The  fluid  obtained  from  compressed  oil  gas,  it  has  been  sugc^cst" 
ed,  iftay  be  advantageously  applied  to  improving  the  quality  of  any 
gas  which  bums  with  a  feeble  flame.  It  is  also  an  excellent  sol- 
vent of  caoutchouc,  and  of  those  substances  which  are  the  bases  of 
varnishes,  to  the  composition  of  which  it  is  well  adapted  by  its 
great  volatility.    (See  Mr.  Faraday's  Memoir,  Phil.  Trans.  1885.) 

Art.  5  —On  the  mixed  Combustible  Gases  from  moist  Charcoal^  Al' 
cohoij  Ether^  Coafj  Oiij  TalloWj  and  Tfax. 

The  gases,  which  have  been  described  in  the  four  preceding  ar* 
tides,  appear  to  me  to  be  the  only  aeriform  compounds  of  carbon 
and  hydrogen  that  have  as  yet  been  proved  to  be  distinct  and  well 
characterized  species.  It  is  of  mixtures  of  two  or  more  of  those 
gases,  with  occasionally  a  proportion  of  carbonic  oxide  and  a  few 
others,  that  the  almostiniinile  variety  of  aeriform  products  are  con- 
stituted, which  are  obtainable  by  the  exposure  of  moistened  char- 
coal, of  alcohol  or  ether,  of  oil,  tallow,  wax,  resin,  or  coal,  to  a 
heat  a  little  al>ove  ignition. 

Of  these  aeriform  compounds,  the  gases  from  coal  and  from  oil 
are  of  most  importance,  from  their  widely  extended  use  in  artificial 
illumination. 

Coal  Gas. — By  submitting  coal  to  distillation  in  an  iron  retort, 
1)esides  a  portion  of  tar  and  solution  of  carbonate  of  ammonia, 
which  condense  in  a  liquid  form,  a  large  quantity  of  permanent  gas 
is  evolved.  This  gas  I  have  shown  (Phil.  Trans.  1808  and  1820) 
is  extremely  variable  in  composition  and  properties,  not  only  when 
prepared  from  different  roals,  !)ut  from  the  same  kind  of  coal  un- 
der different  circumstances.  Within  certain  limits,  the  more  quick- 
ly the  heat  is  applied,  the  greater  is  the  quantity,  and  the  better  the 
quality,  of  the  gas  obtained  from  coal ;  for  too  slow  a  heat  expels 
the  inflammable  matter  in  the  form  of  tar.  The  early  products  of 
Vol.  I.  3  A 
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jjas  arc,  bIjw,  tlic  heaviest  and  most  com&uitililc,  and  llicrc  U  ft 
grudual  (lectlne  in  (quality  lowRrds  ihe  clow  of  Ihe  dUUIUliva.  in- 
soDiucii  that  the  la»t  products  arc  mftrior.  by  more  than  one  hilC^ 
tn  Ihc  first.  'Ihc  t^ciieritl  tiwrnc  of  coat  gai  \%,  thrrpforc.  cjuiic  in- 
(Irfinilc.  It  U,  most  probalily,  a  mixture  of  the  first  four  wicUvk 
if  csrhnrclcd  hydrogen  with  hydrogen  K"*"  carbonic  oxide,  o^ 
yhrtK  arid,  nitn>gcn,  and  sulphurcitcl  hydrogen  gaxr^  m  cstt-rf 
rying  jiroportiona.    To  describe  the  methods  of  Kcpiiratiii;  IbeM: 

Sascs  from  each  other*  would  Imd  mc  at^rtsient  into  too  ntinnlc 
Hails,  and  I  refer  ihei-efore  to  the  pajwrs  which  I  have  pubtisltcd 
in  the  I'hir.  Tratls.  foi-  lailH,  \m\\,  aitd  W2A,  and  in  the  Sd.  voL, 
3d  SlticS,  of  the  MJinchcKler  Souiety'a  Memoin,  or  in  the  Annab 
tX  ^ttlosoph]',  vol.  XV.  An  abatracl  of  liie  analytical  pun  of  ibocc 
^MKT*  wilfbc  found  in  chapter  xiv.  sect.  I,  of  the  second  voluniG  of 
Swwork. 

\!oal  e3A,  as  generally  procured^  has  a  very  dUagrt«abk  odoar, 
ari»inj{  rroin  snlpburetcd  hydrogen,  and,  perhaps,  a  little  aulpb*- 
ret  of  uirlwni  but  both  these  may  be  wa&hed  out  of  it  by  rrearoaf 
lime,  with  (as  I  have  shown)  very  little  low  uf  iUumiivatinx  rniwer, 
and  with  an  entire  removal  of  all  unpleanant  smell  cither  beibn:  or 
diuing  burning.  The  best  gas  has  the  specific  {gravity  .C3U  opup- 
"Mrda;  and  each  volume  consumes  about  '2j  volumes  of  oXTt[ca, 
■  ttd  gtvca  Ij  volume  of  carbonic  acid;  the  last  portions  hare  a  spe- 
'  JHkjfraviif  as  low  as  .340,  and  each  volume  c^nsnmca  abottt 
^Wfhs  of  a  volume  tif  oxyg'en,  and  gives  about  3<1(l(hs  at  a  volume 
ofc^iboiiic  iiciil.  In  llit  best  gas,  chloriin-,  applied  as  dii-ct  ic<l 
page  364,  detects  from  13  to  20  per  cent,  of  olcfiaiit  gas,  and  the 
remainder  is  almost  pure  carbureted  hydrogen;  but  the  last  pro- 
ducts contain  little  or  no  olcfiant  gas,  much  less  carbureted  hydro- 
gen,  and,  instead  of  these,  a  large  proportion  of  hydrogen  and  car^ 
bontc  oxide,  both  of  which  yield  very  little  light  by  their  combus- 
tion. 

It  is  scarcely  possible  to  assign  the  quantity  of  gas,  whicli  ought 
to  be  obtained  from  a  given  weight  of  coal,  but  it  may  be  consi- 
dered as  an  approach  to  a  general  average  to  state  that  1121b.  of 
good  coal  arc  capable  of  giving  from  450  to  500  cubic  feet  of  gas 
of  such  <|uality,  that  half  a  cubic  foot  per  hour  is  equivalent  to  a 
mould  candle  of  six  to  the  pound,  burning  during  the  same  space 
of  time. 

OH  Gtu. — In  Nicholson's  Journal  for  1805, 1  have  given  an  ac- 
count of  some  experiments  on  the  gas  obtained  by  the  destructive 
distillation  of  sperm,  oil,  which  showed  that  of  all  the  artificial 
gases,  this,  next  to  olcfiant  gas,  consumes  most  oxygen,  and  is  the 
best  adapted  to  afford  li;jht.  Since  that  lime,  an  apparatus  has 
been  invented  by  Messrs.  Taylor,  of  London,  which  has  greatly  fa- 
cilitated the  pn'paraiion  of  oil  gas  on  a  large  scale,  and  this  gu  is 
BOW  much  used  as  a  source  of  artificial  light.  The  process  con- 
aials  in  letting  whale  oil  (the  purity  of  which  is  not  essential,  since 
inferior  oil  answers  the  purpose)  fall  by  drops  into  an  iron  cylin- 
der placed  horizontally  in  a  furnace  and  ignited  to  a  cherry  rcd- 
aCM.    From  each  wine  gallon  of  oil,  about  lUO  cubic  feet  of  gu 
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may  willi  care  be  oblaincd,  of  the  specific  gravity  of  more  than 
•  9(H)j  containing  upwards  of  40  per  cent,  of  ^;as  condensable  by 
chlorine,  and  of  which  100  volumes  consume  '2G0  volumes  of  oxy- 
gen, and  yield  158  of  carbonic  acid.  But  of  gas  from  Wigan  can- 
nel,  when  the  whole  product  is  mingled  together,  100  measures  do 
not  saturate  more  than  155  of  oxygen,  and  give  88  measures  of 
carbonic  acid.  Oil  gas,  therefore,  fi'om  this  comparison,  may  be 
inferred  to  contain,  in  a  given  volume,  twice  the  (quantity  of  com- 
bustible matter  that  is  present  in  the  average  of  gas  from  cannel 
coal,  owing  most  probably  to  a  larger  proportion  of  some  of  the 
heavier  g^es  enumerated  in  the  table,  p.  360.  Of  •the  fourth 
species  the  whole  that  is  present  in  oil  gas  may  be  separated  from 
it,  as  Mr.  Faraday  found,  either  by  oil  or  by  sulphuric  acid  over 
mercury.  In  this  way,  good  oil  gas  lost  t22  or  23  per  cent,  of  ita 
volume;  and  the  olefiant  gas  was  not  diminished,  except  by  contact 
during  some  hours.  He  docs  not  apprehend  that  gas  contains  any 
more  volatile  ingredient  than  No.  4  of  the  table. 

The  experiments  of  Mr.  Urande  led  him  to  conclude,  that  to 
produce  the  light  of  ten  wax  candles  for  one  hour,  there  were  re- 
quired 

2600  cubical  inches  of  olefiant  gas. 

4875  oil  gas. 

13120  coal  gas. 

But  it  seems  probable  that  the  coal  gas,  employed  in  his  experi- 
ments, was  below  the  general  standard,  and  that  it  is  a  fair  aver- 
age to  consider  1  volume  of  oil  gas  as  equivalent  in  illuminating 
power  to  2  or  at  most  2.1  volumes  of  gas  from  coal.  This  estimate 
agrees  with  the  experience  of  the  late  Mr.  Ctx!ighton,  of  (Glasgow, 
author  of  the  excellent  article  ^^(ias  lights,"  in  tlie  Supplement  to 
the  Encyclop.  Britan.  Oil  gas  he  considers  as  superior,  in  an  equal 
volume,  to  good  average  coal  gas,  in  the  proportion  of  only  2  to  1 ; 
and  he  has  given  the  following  Table  of  the  comparative  expense 

of  lighting  with  these  two  gases,  and  with  oil  and  tallow. 

/.     </. 

Valuing  the  quantity  of  light  given  by  1  lb.  of  tallow  in 

candles  at 10 

An  equal  quantity  of  light  from  sperm,  oil  consumed  in 

an  Argand's  lamp,  will  cost 0     6i 

Do.  from  whale  oil  gas        0    43 

Do.  from  coal  gas 0    2| 

Twenty  cubic  feet  of  coal  gas,  or  ten  of  oil  gas,  he  considers  as 
equivalent  to  a  pound  of  tallow ;  and  5000  grains  of  good  sperm, 
oil  to  70(X)  of  tallow,  or  lib.  avoirdupois. 

Drs.  Turner  and  Christison  of  Edinburgh  have,  more  recently, 
endeavoured  to  reconcile  the  contradictory  statements  respecting 
oil  and  coal  gas,  in  a  memoir  full  of  excellent  practical  informa- 
tion, which  tiiey  published  in  Dr.  Brewster's  Edinburgh  Journal 
for  July  1825.  With  a  complete  knowledge  of  all  the  circumstan- 
ces essential  to  a  fair  comparison,  they  carefully  tried  the  illumi- 
nating powers  of  oil  gas  sp.  gr.  .910,  and  coal  gas  sp.  gr.  .57t^f 
both  with  common  and  with  Argand's  burners ;  and  the  average 
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result  or  their  various  trials  was  that  ihc  UliiminalinK  power  of  the 
oil  gnu  employed  wax  to  that  uf  ihc.  coal  fiaa,  uuAtr  cqu&l  tcilumcN 
Bi  C'23  to  1.  The  n»  from  common  reaUy  for  which  a  pitcnt  hu 
bct!n  lakcn  out  by  Mr.  Daniel  (Qiiari.  Journ.  N.  S.  i.  i£ir)h«xM>t, 
no  far  a*  I  am  aware,  been  accurntely  analyzed. 

The  ttdvanlaj^i  of  oil  i^as  over  gas  from  coal  arc,  that  smaller 
4UtiUin^  vessels  nre  required  ;  that  Kazometers  and  contlutl  pipn 
of  half  the  capacity  are  suflicicDt ;  ihsl  no  washing  apparatut  » 
necessary ;  that  the  trouble  ami  expense  of  removing  waste  roite- 
riaU  ure  avoided:  a^id  ihal  the  g~dK  alTurds  a  much  brighter  IlKht, 
with  a  smaller  production  of  heat,  and  bIbo  of  water.  When  only 
a  morteraw  quantity  of  light  is  required ;  when  it  is  an  object  to 
■are  roan  or  labour  i  and  in  countries  where  coal  is  dear,  oil  itai 
U  entitled  to  a  decided  preference  (  but  it  cannot  be  brought  into 
competition  wilh  coal  Ras  wijcrc  coal  is  cheap,  or  where  I  he  ea- 
t^ishmenls  to  bo  lighted  are  of  very  considerable  maft»ilude,  and 
of  such  a  nature  as  to  allow  of  their  being  freely  ventilated. 

Of  the  comparative  value  of  different  compounds  of  bydroKcn 
and  charcoal  for  the  purpouc  of  illumination,  it  still  appears  tone 
that  the  only  accurate  test  is  the  one  which  I  proposed  in  Nichol- 
son's Journal  for  1805,  via.  the  quantities  of  oxygen  gas  required 
for  the  combustion  of  equal  volumes.  In  other  words,  tbe  Ulumi* 
naling  powers  of  the  different  gases  will  be  proportional  to  the 
number  of  volumes  of  gaseous  carbon  condensed  into  one  vol.  of 
AriTtmrnablc  gas ;  and  of  ihese  the  oxygen  consumed,  and  carbonic 
acid  produced,  afford  an  accurate  measurp.  If  im  ^oh,  f„r  in- 
stance,  of  one  gas  require  for  perfect  combustion  100  vols,  of  oxy- 
gen, and  100  vols,  of  another  gas  take  200  of  oxygen,  the  value 
of  the  second  wilt  be  double  that  of  the  first.  Specific  gravity, 
though  a  guide  to  a  certain  extent,  is  not  a  sufficient  one;  for  the 
weight  of  a  gas  may  be  owing  to  a  large  proportion  of  carbonic 
oxide,  which  is  capable  of  giving  out  only  a  very  small  quantity  of 
light.  Photometrical  experiment^  also,  appear  to  me  to  require 
greater  perfection  in  the  instruments  that  have  been  invented  for 
that  purpose,  before  we  can  implicitly  trust  to  results  obtained  by 
their  means  i  but  there  can  be  no  fallacy  in  the  combustion  of  these 
gases  by  oxygen,  if  conducted  with  ordinary  care,  and  especially 
if,  in  each  instance,  an  average  be  taken  of  two  or  three  trials, 
which  need  not  occupy  more  tnan  a  few  minutes.  Nor  can  it  ad- 
mit of  a  doubt  that,  oilier  circumstances  being  equal,  the  brilliancy 
of  light,  evolved  by  the  combustion  of  gases  which  are  constituted 
ofpurely  innammablc  matter,  will  bear  a  proportion  to  their  den- 
sities, perhaps  even  a  greater  proportion  than  one  strictly  arith- 
metical ;  because,  while  by  tbe  combustion  of  denser  gases  a  high- 
er temperature  is  produced,  the  cooling  agencies  remain  the  same. 
It  is  probable,  therefore,  that  of  two  gases,  composed  of  the  same 
Ingredients,  that  which  has  a  double  density  will  afford  somewhat 
more  than  a  double  quantity  of  light. 
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Art.  6. — On  the  Tire-Damp  of  Coal  Mines^  and  the  Construction  and 
Principle  of  the  Safety-lAmip  of  Sir  H.Davy, 

The  fire-damp  of  coal  mines  was  proved,  by  an  analysis  of  it 
which  I  published  in  Nicholson's  Journal  for  1806  (xix.  149),  to 
be  identical  in  composition  with  light  carbureted  hydrogen.  This 
conclusion  coincides  with  the  subsequent  results  of  Sir  H.  Davy, 
(Phil.  Trans.  1816)  who  has  enlarged  our  knowledge  of  the  chemi- 
cal history  of  the  fire-damp  by  several  important  facts,  and  has 
been  led,  by  an  ingenious  and  happy  chain  of  reasoning,  to  a  dis- 
covery most  important  to  the  interests  of  humanity.  The  most 
readily  explosive  mixture  of  fire-damp  with  common  air  he  found 
to  be  one  measure  of  the  inflammable  gas  to  seven  or  eight  of  air. 
The  mixture  was  not  capable  of  being  set  on  fire  by  charcoal  in  a 
state  of  active  combustion,  nor  by  iron  ignited  to  a  red  or  even  to 
a  white  heat,  except  Avhcn  in  a  state  of  brilliant  combustion;  in 
which  respects,  the  fire-damp  differs  from  other  combustible  gases. 

It  was  in  attempting  to  measure  the  expansion,  occasioned  by 
the  combustion  of  a  mixture  of  fire-damp  and  air,  that  Sir  H.  Davy 
discovered  a  fact,  which  afterwards  led  him  to  the  most  novel  and 
important  results.  An  explosive  mixture  could  not,  he  ascertained, 
be  kindled  in  a  glass  tube  so  narrow  as  ^  of  an  inch  diameter;  and 
when  two  separate  reservoirs  of  an  explosive  mixture  were  connect- 
ed by  a  metallic  tube,  \  of  an  inch  diameter  and  \h  inch  in  length, 
and  one  of  the  portions  of  gas  was  set  on  fire,  the  explosion  did 
not  extend  to  the  other.  Fine  wire  sieves  or  wire  gauze,  interpos- 
ed between  two  separate  quantities  of  an  explosive  mixture,  were 
also  found  to  prevent  the  combustion  of  one  portion  from  spread- 
ing to  the  other.  A  mixture  of  fire-damp  and  air,  in  explosive 
proportions,  was  deprived  of  its  power  of  exploding,  by  the  addi- 
tion of  about  \  its  bulk  of  carbonic  acid  or  nitrogen  gas. 

Reflection  on  these  facts  suggested  to  Sir  H.Davy  the  possibility 
of  constructing  a  lamp,*  in  which  the  flame,  by  being  supplied  with 
only  a  limited  quantity  of  air,  might  produce  carbonic  acid  and 
nitrogen,  in  such  proportion  as  to  destroy  the  combustibility  of  ex- 
plosive mixtures;  and  which  might,  also,  by  the  nature  of  its  aper- 
tures for  giving  admittance  and  exit  to  the  air,  be  rendered  incapa- 
ble of  spreading  combustion  to  the  surrounding  atmosphere,  sup- 
posing this  to  be  an  inflammable  one. 

This  most  desirable  object  was  accomplished  by  the  use  of  air- 
tight lanterns,  supplied  with  air  through  tubes  or  canals  of  small 
diameter,  or  through  apertures  covered  with  wire  gauze  below  the 
flame,  and  having  a  chinmey  at  the  upper  part  on  a  similar  system 
for  carrying  off  the  foul  air.  The  apparatus  was  afterwards  sim- 
plified by  covering  or  surrounding  the  flame  of  a  lamp  or  candle 
with  a  cylindrical  wire  sieve,  having  at  least  625  apertures  in  a 

*  A  full  hiftory  of  the  Sifety  Lamp,  ind  of  the  chemical  researches  connect- 
ed with  it,  has  been  publiahed  by  Sir  H.  Davy,  Bvo.  printed  for  \L  Hunter,  1818. 
In  the  Phil.  Mag.  1. 387,  a  document,  also,  may  he  foimd,  which  fully  cstablislies 
his  claim  to  the  priority  of  the  invention. 
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square  inch.  fScc  tlic  sketch.)  Within  this  cylin- 
der, when  the  fire-damp  cncompasning  ii  i«  to  the  air 
as  ]  tn  12,  the  flatne  of  the  wick  is  seen  sorKtxundetl 
hy  the  t'eeblo  blue  flame  of  the  gas.  When  flic  pr<»- 
portioD  is  an  I  to  S,  fi,  or  ",  the  cylinrlcp  is  fitlt-d  with 
the  Rame  of  the  lire-(!aiiip  j  but  though  the  wire 
gauze  bei^oraes  red-lioi,  the  exterior  air.  even  when 
explosive,  is  not  kindled.  The  lamp  is  therefore  Nt/t 
in  the  most  danecrous  almoaphcrcs,  and  has  been 
nsed  most  extensively  in  the  mines  of  Whitehaven, 
Newca&tlii,and  other  places,  without  the  occurrence, 
so  far  as  I  know,  of  a  single  failure  or  accident. 

The  rHcct  of  ihc  safety-lamp  depends  on  the  cool- 
ing agiuicy  of  the  wire  gauze,  exerted  on  the  portion 
of  gas  burning  within  the  cylinder.  Hence  a  lamp 
may  be  secure,  wlierc  there  is  no  current  of  an  ex- 
plosive mixture  to  occasion  its  being  strongly  heat-  ^_^  j-ai 
rd;  and  yet  not  safe,when  the  current  pnxaes  through  ^^==s:p>^  I 
it  with  great  rapidity.  Dul  any  atmosphere,  however  [  ' 
explosive,  may  be  rendered  harmless,  by  increasing  I 
(he  cjioling  surface;  which  may  be  doni 
diminishing  the  size  of  the  apertures,  or 
ing  their  depth,  both  of  which  are  perfectly 

•^c  power  of  the  manufacturer  of  the  wire  gauze. 

^^  When  a  small  coil  of  platinum  wire  is  hung  above  the  wick  of 
the  lamp  wiiliin  the  win.'  (jauzc  cyliniler,  the  metal  coniinues  !o 
glow,  long  after  the  lamp  is  extinguished,  and  affords  light  enough 
to  guide  the  miner  in  what  would  otherwise  be  impenetrable  dark- 
ness. In  this  case,  the  combustion  of  the  fire-damp  is  continued  so 
slowly,  and  at  so  low  a  temperature,  as  not  to  be  adequate  to  that 
ignition  of  gaseous  matter  which  constitutes  Hame,  though  it  ex- 
cites a  temperature  sufficient  to  render  platinum  wire  luminous.  A 
similar  ignition  of  platinum  wire,  it  has  been  found,  may  be  sup- 
ported for  many  hours,  by  surrounding  the  flame  of  a  spirit  lamp 
with  small  coils  of  that  metal  not  exceeding  -^^  of  an  inch  in  dif 
meter.  Twelve  coils  of  this  wire,  twisted  spirally  round  the  tube 
of  a  tobacco-pipe,  or  round  any  thing  that  will  render  the  eoib 
about  ^  of  an  inch  in  diameter,  are  to  surround,  six  the  wick  of 
the  lamp,  and  six  to  remain  elevated  above  the  wick.  The  wick 
should  be  small,  and  <|uitc  loose  in  the  burner  of  the  lamp;  and  the 
fibres  of  the  cotton,  surrounded  by  the  coil,  should  be  laid  as  straight 
as  possible.  When  the  lamp,  after  being  lighted  for  a  few  mo- 
ments, is  blown  ont,  the  platinum  wire  continues  to  glow  for  seven! 
hours,  as  long  as  there  is  a  supply  of  spirit  of  wine,  and  to  gi" 
light  enough  to  read  by ;  and  sometimes  the  heat  produced  is  saF 
ficient  to  lekindle  the  lamp  spontaneously.  (Thomson's  Annab, 
vol.  xi.) 

Art.  7- — 0/  the  Cimilnnalion  of  ChioHtu  wilk  Carbo-ktfdrogm. 
This  gas  was  first  obtained  by  Ur.  Thomson,  by  heating  afm 
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ref^a  with  pi/rorylic  spirit ;  and  lias  hilhcrto  !)ccn  examined  by  him 
only.  The  method  of  obtainin):>;  it,  free  from  other  }^ases,  involves 
lon^r  details  than  I  deem  it  advisable  to  enter  upon,  and  I  refer 
therefore  to  his  paper  in  the  Transactions  of  the  Royal  Society  of 
Edinburgh,  for  1827.  The  new  gas  is  chiefly  interesting^,  as,  if  the 
analysis  of  it  be  correct,  it  exhibits  the  first  distinct  example  of  the 
actual  existence  of  that  compound  of  an  atom  of  carbon  with  aii 
atom  of  hydrogen  which  I  have  stated  hypothetically  at  page  3(>(); 
still,  however,  not  in  an  insulated  state,  but  in  union  with  an  atom 
and  a  half  (so  to  speak)  of  chlorine.  Its  specific  gravity  by  experi- 
ment is  4.1757,  and  this  is  not  very  remote  from  the  theoretical 
view,  that  each  volume  is  constituted  of 

1  volume  carbon  vapour  -  0.4166 
1  volume  hydrogen  gas  -  0.0694 
Id  volume  chlorine      -     -    -     54.(K)(M) 


Density  by  calculation     54.486() 

Each  volume  consumes  2  vols,  of  oxygen  gas,  and  gives  1 J  vol. 
carbonic  acid,  the  n:maining  ^ds.  of  oxygen  having  formed  water. 
Dr.  Thomson  has  proposed  the  namt^  ni  ttntfjui-ch/oridr  of  carbo-hy- 
drof^en^  as  conveying  a  just  notion  of  its  composition. 


SECTION  III. 

Compounds  of  Hydrogen  with  Phosphorus. 

In  the  chapter  on  Phosphorus,  it  has  been  shown  that  great  un- 
certainty still  prevails,  respecting  the  proportions  in  which  that 
body  unites  with  oxygen.  Its  compounds  with  hydn)gen  are  not 
less  imperfectly  understood,  and  even  their  number  is  still  undeter- 
mined. All  writers  on  the  subject,  with  the  exception  of  Mr.  Dal- 
ton,  who  contends  that  there  is  only  one  species  of  phosphureted 
hydrogen,  admit  the  existence  of  two  at  least.  To  these,  Dr.  Thom- 
son has  added  a  third,  which  has  not,  I  believe,  been  as  yet  exa- 
mined by  other  chemists.  On  this  obscure  topic  I  shall  give  an  ab- 
stract of  the  best  evidence  that  can  be  obtained,  leaving  the  reader 
to  form  his  own  opinion,  and  only  premising,  that  without  more 
facts,  it  is  impossible  to  arrive  at  any  certainty,  as  to  the  constitu- 
tion of  these  compounds. 

Art.  1. — Bi'hydrofcurct  of  Phosphorus, 

The  name  which  I  have  adopted  for  this  gas,  was  first  applied 
to  it  by  Dr.  Thomson  ;  and  it  has  been  ab!)reviated  by  others  into 
in-hydrurct.  Dumas  has  proposed  to  rail  it  proto-phosphtmtid  hy- 
drogen. But,  till  its  composition  is  clearly  ascertained,  it  would 
have  been  lictler  not  to  have  changed  the  name  assigned  Us  its 
original  discoverer,  Sir  11.  Davy,  who  termed  it  hydro-pliosphorie 
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giK,  for  any  other  Dsnir,  depending  upon  theoretical  •lews  of  Ui 
constitution. 

Davylirst  obtained  litis  ^s  by  heating aolM  liydratFDfpbaxpbo- 
roua  acid  (page  325)  in  a  small  glass  retort,  and  rcceifioR  t!»e  gM 
over  mercury,  allowing  enough  to  esrape  to  displace  the  air  ©r  the 
retort.  The  gas  that  next  comes  over,  while  the  heal  U  moderate, 
is  most  pure ;  for,  cowards  the  cluee  of  the  process.  It  Imotnet 
contaminiitcrt  with  nhout  one-fouith  its  volume  of  hydrogen.  He*l 
lilierales  it  also  from  hypo-phosphorous  acid.  Dumas  ontaincd  it 
of  auch  purity  as  lo  be  mixed  with  not  more  than  from  I  to  5  per 
cent,  of  hydrogen  gas,  by  acting  on  phosphoret  of  caktura  with 
coQccntraud  murimic  acid.  (Ann.  dc  Ch.  et  de  Ph.  xx^i.  113.  On 
itlpreparutiuri,  see  also  Rose,  same  workiXSsiv.  ITT.J 

This  gas  has  an  unpleasant  odour,  less  so,  however,  than  that  of 
pcr-phosphun-icd  hydrogen.  Water  absorbs  about  an  eighth  of  tu 
volume.  Its  specific  gravity  was  found  by  Davy  to  br  twelve  time* 
that  of  hydrogen,  or  0.8",  air  being  unity;  but  the  gas  which  he 
emoloyed  was  evidently  mixed  with  hydrogen.  Dumas  availed  hiin- 
selt  of  a  properly,  not  known  by  Davy,  to  determine  the  exact  purity 
of  the  gaa  which  he  weighed.  It  consists  in  exposing  a  knowB  to> 
lumc  to  a  solution  of  sulphate  of  copper,  which  absorbs  the  pure 
portion  only  of  the  gas,  leaving  the  hydrogen  untouched.  Making 
due  correction  for  the  latter  gas,  he  found  the  sp.  grav.  of  pure  pro- 
•to-phosphureted  hydrogen  to  be  1.2H,  air  being  t. 
^^  This  gas  does  not  burn  spontaneously  when  suffered  to  escape 
into  the  air,  but  detonates  violently  when  niiitcd  with  osvjjen.  and 
heated  to  about  300°  Fahr. ;  or  when  the  mixture  is  rarefied,  by 
simply  raising  the  level  of  the  mercurial  surface  within  the  tube, 
sufficiently  above  the  surface  of  the  mercury  in  the  trough.  Dr. 
Thomson,  with  whom  Dumas  agrees  in  this  instance,  stales  thai  1 
vol.  requires  for  complete  combustion  2  vols,  of  oxygen,  forming 
then  photphoric  acid.  If  1.5  vol.  only  of  oxygen  be  used,  the  pro- 
duct is  phosp/uirous  acid.  The  manipulaiiona  necessary  to  cause 
oxygen  to  unite  in  these  proportions  will  be  found  in  Dumas's  E^ 
say,  p.  119. 

Sulphur,  healed  in  this  gas,  converts  it  inio  sulphureted  hydro- 
gen, 4  vols,  of  ihc  latter  resulting  from  3  of  the  former.  But  as 
sulphureted  hydrogen  itself  has  its  bulk  contracted  J  by  fused  sul- 
phur, 135  -|-  '.J*  =  150  is  Ihe  true  product  of  sulphureted  hydro- 
gen from  100  vols,  of  the  proto-phosphurcted  gas.  (Dumas.)  By 
acting  on  1  vol.  of  the  gas  with  potassium,  Davy  obtained  2  vabk. 
Gay  Lussac  and  Thenard  only  1.5  vol.  of  hydrogen  gas.  Dumu 
also,  by  passing  1  vol,  of  the  gas  over  heated  bi-chloride  of  mercury, 
obtained  3  vols,  of  muriatic  acid  gas,  equivalent  to  1.5  of  hydrogen. 
The  proportion  then  of  1.5  vol.  of  hydrogen,  in  1  vol.  of  proto-pho*- 
phuretcd  hydrogen,  seems  sufficiently  established.  Now  1.5  hy- 
.ilrogen  saturate  <).r5  oxygen;  and,  subtracting  the  latter  number 
from  the  wlinlc  oxygen  spent  when  phosphoric  acid  is  formed  (S  — 
0,75  —  1.2.'i).  we  have  -J  of  a  vol.  of  oxygen  consumed  by  the  phos- 
phorus. .Also  by  deducting  0,75  from  1,5  vol.  of  oxygen,  apent 
_,iwhcn  phosphorus  acid  is  formed,  we  havc(l.50  —  0.75  ^)0.73, 
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or  i  vol.,  for  ihe  oxygen  of  phosphorous  acid.  The  oxygen  then  of 
the  phosphoric  and  phosphorous  acid  is  as  the  numerations  of  those 
fractions,  viz,  as  5  to  3. 

Reasoning  on  these  experimental  data,  Dumas  conceives  that  in 
every  2  vols,  of  proto-phosphurcted  hydrogen  gas  we  have 

1  vol.  vapour  of  phosphorus     -     -     .     -     2.2052 
3  vols,  hydrogen  (.694  x  3)     -     -     -     -     0.2082 

2)  2.4134 

Sp.  gr.  of  the  gas     -    -    -    -     1.2067 

The  specific  gravity  deduced  by  calculation  agrees  then  very 
nearly  with  the  experimental  result  ali*eady  stated,  riz.  1.214.  The 
proportions  by  weight  of  liydrogen  to  phosphorus  is  0.2082  :  2.2052, 
which  is  the  same  as  1  :  lO.fil.  The  gas  cannot  be  ccnisidered  as 
a  binary  compound,  for  the  last  mentioned  number  falls  short  of 
that  derii-ed  in  a  fonner  chapter  as  the  most  probable  equivalent 
of  phosphorus,  viz,  12.  (See  page  32r.) 

2.  Ferpfiosphureted  Hydrogen  Gas^  Hydroguretj  or  Hydrurct^  of 

Phoaphorua. 

This  gas  was  discovered  by  (iengembre  in  1783.    It  is  easily  pro- 
cured by  heating  a  little  phosphorus  in  a  retort  over  a  lamp,  with 
solution  of  pure  potassa,  or  with  a  mixture  of  lime  and  water  of 
the  consistence  of  cream  ;  but  when  thus  formed,  only  37  or  38  parts 
out  of  100  are  the  gas  in  question,  62  or  63  being  hydrogen.    It  is 
also  disengaged  by  heating  fragments  of  phosphorus  with  powdered 
hydrate  of  lime,  or  by  adding  small  lumps  of  phosphuret  of  calcium 
to  very  dilute  muriatic  acid.     The  gas  got  by  acting  on  zinc  and 
phosphorus  with  dilute  sulphuric  acid  is  mostly  hydrogen.    The 
purest  specimen  of  this  gas,  ever  obtained  by  Dumas,  was  formed 
by  bringing  phosphuret  of  calcium  into  contact  with  water.    It  con- 
tained, in  100  vols.,  only  12  or   13  vols,  of  hydrogen  gas.    From 
whatever  source  obtained,  the  less  the  heat  beyond  what  is  abso- 
lutely required  to  liberate  it,  the  more  free  is  the  product  from 
common  hydrogen  gas.    Its  most  remarkable  property  is  that,  when 
mixed  with  atmospheric  air  or  with  oxygen  gas,  at  ordinary  tem- 
peratures, it  is  spontaneously  combustible,  even  when  obtained  by 
methods  that  yield  at  the  same  time  much  hydi*ogen.    Its  specific 
gravity  varies  with  the  proportion  of  hydrogen  gas  with  which  it 
is  contaminated.    Sir  H.  Davy  found  the  limits  to  extend  from  .400 
10.700;  Dr.  Thomson  fixed  it  at  .9027;  Mr.  Dalton  recently  at 
1.100  (New  System,  ii.    170).   Dumas,  making  due  correction  for 
the  hydrogen  gas  mingled  with  it,  makes  its  true  sp.  gr.  1.7GI. 

By  standing  about  a  month  in  a  receiver  over  mercury,  it  depo- 
sits a  third  of  its  phosphorus,  loses  its  property  of  spontaneous  ac- 
ccnsion,  and  is  converted,  without  change  of  volume,  into  bi-hydni- 
ret  of  phosphorus.  (Dumas.)  Mleclric  explosions  decompose  it, 
without  expanding  it,  according  to  Thomson ;  but  Mr.  Dalton  finds 
Vol.  I.  3  B 
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Ilial  I  vol.  becomes  l\  very  nearly.  Gay  Lumc  ftitd  Rose  agree        , 
tbnt  it  IB  decomposed  by  a  heal  below  iKnition- 

The  qiiBtitily  alisoibcd  by  water  is  slated  by  Davy  at  A  ^^-  ™l. 
of  the  wnier;  by  Dalton  ut^i  and  by  Dr.  Thomwin  «l  J,-    The»c        ! 
difTerencea  depend,  doubtkaa,  on  the  vflriable  purity;  of  the  Raa,  and        ^ 
the  quantily  aiid  ijuality  of  ihc  air  reniaiitinK  even  in  boUed  water. 
The  gas  is  absorbed  also  by  liijuid  euljiliatc  of  copper  and  chloride        , 
of  lime.    (Dwiion  and  Hose.)    The  latter  agent  converu  the  phoa- 
phonis  into  phosphoric  acid.  | 

When  allowed  W  escape  into  the  atmosphere,  it  inflBRica  >ppB- 
taneously,  and  x  1)ieauiiful  aonc  of  white  vapour  is  prodoced,  which 
enlarges  »  it  aaceuds.  Thin  lakes  place,  even  at  ihc  iempcr»Viire 
of  frcezinir  mercury,  as  Kose  observed.  (Ann.  de  Chim.  ci  d<  Ph. 
Peb.  and  Aug.  1847.) 

In  preparing  this  gaa  from  phosphoruii  and  acdution  of  potaMa.       I 
for  the  striking  experiment  or  its  spunianeoua  accrnsioB,  boUi  the      I 
body  and  neck  of  the  retort  should  be  entirely  filled  with  iJie  aoln-      1 
lion,  which  Dr.  Coxe,  of  Philadelphia,  recommend*  lo  be  almnat      * 
boiling  hot.  He  employ*  a  retort  holding  from  half  a  pint  to  auint: 
and  after  introducing  both  t)ic  phoaphorua  and  Ihc  solniion,  lixn 
its  neck  on  an  inclined  plane  formed  of  a  block  of  wood,  the  nnper 
extremity  of  which  is  overhung  by  the  body  of  the  retort,  while  it*       ] 
mouth  projects  over  the  lower  eiicl,  and  is  dipped  into  a  amaQ  bowl 
filled  with  K  hoc  aolution  of  potasoa,  as  rcprcaentod  m  the  fipitv.      i 


The  gas  extricated  by  the  Same  of  a  lamp,  accumulates ;  and,  forcing 
the  alkaline  solution  down  the  neck,  at  length  escapes,  through  the 
hot  aolution  in  the  bowl,  into  the  air,  where  it  inflames.  Should 
the  heat  slacken,  and  an  absorption  ensue,  nothing  passea  into  the 
retort  bft  'he  liot  solution  of  alkali  from  the  bowl ;  and  thi*,  a>  the 
retort  is  secured  from  being  displaced,  does  no  harm.  In  this  way 
a  torrent  of  gas  may  be  kept  up,  as  long  as  there  remains  sufficient 
materials  in  the  retort  i  and  all  danger  of  breaking  the  retort  is 
avoided. 

When  fine  iron  or  copper  wire  is  heated  in  100  of  the  gas  (reck- 
oned pure),  dried  by  blotting  paper,  J50  volumes  of  hydrogen  gai 
were  obtained  on  the  average  of  several  experiments.  (Dumas.) 
DeutO'Chloridea  decompose  it  without  evolving  hydrogen  ;  and  ral- 
pburets  yield  sulphureted  hydrogen  and  phosphurcts  of  the  rcapcc- 
live  metals. 

When  admitted  by  bubblea  into  pure  oxygen  gas,  each  bubble 
detohatea  vehemently,  and  some  phosphorus  is  prtcipibated.  Bat 
Igp  diluting  the  oxygen  with  carbonic  acid,  and  wanmng  the  jar  id 
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212^  Fahr.,  the  combustion  is  complete.  In  this  case,  phosphorous 
acid  only  is  produced,  and  B  volumes  of  the  hydruret  consume  15  of 
oxy^n.  (Dumas.)  The  maximum  quantity  of  oxygen  absorbed 
by  8  volumes,  on  the  same  authority,  is  21  volumes.  But  as  each 
volume  of  the  inflammable  gas  contains  1.5  volumes  of  hydrogen, 
8  volumes  must  be  equivalent  to  12  of  hydrogen,  requiring  (3  vo- 
lumes of  oxygen.  Subtracting  Ofrom  15,  we  have  1)  for  the  oxygen 
in  phosphorous  acid  ;  and,  taking  G  from  ;21,  we  have  15  for  the 
oxygen  in  phosphoric  acid ;  and  9  :  15  :  :  3  :  5,  numbers  denoting 
the  proportion  of  oxygen,  which,  it  would  appear^  exists  in  those 
two  acids. 
The  theoretical  constitution  of  this  gas,  according  to  Dumas,  is 

1.5  volume  of  phosphorous  vapour  -    ...     3.3078 
3     volumes  of  hydrogen  gas 0.2083 

3.5160 

Condensed  into  2  volumes.  Dividing  therefore  3.5160  by  2,  we 
have  1.7580  for  the  sp.  gr.  of  the  gas ;  and  the  proportion  by  weight 
of  the  hydrogen  to  the  phosphorus  is  as  1  to  11.08.  Supposing  it 
to  l)e  a  compound  of  an  atom  of  each  element,  the  equivalent  of 
phosphorus,  thus  deduced,  would  be  represented  by  a  number  not 
very  remote  from  12.  It  may  be  proper  to  add,  that  Rose's  analy- 
sis of  this  gas  gives  a  less  proportion  of  phosphorus,  viz. 

Hydrogen 8.68 1. 

Phosphorus       -     -     -    -  91.32 10.52 

100. 

3.  Subpfiotphureted  Hydrogtn  Gas. 

Phosphureted  hydrogen,  by  standing  some  time,  deposits,  ac- 
cording to  Dr.  Thomson,  one-fourth  of  its  phosphorus,  and  loses 
its  property  of  spontaneous  inflammability.  In  this  state,  sulphur 
may  be  sublimed  in  it  without  altering  its  volume.  For  perfect 
combustion,  1  volume  requires  1.25  volume  of  oxygen  gas,  of  which 
0.75  goes  to  the  phosphorus  and  0:50  to  the  hydrogen ;  or,  if  fired 
with  barely  oxygen  enoueh  to  saturate  the  phosphorui^  about  1 
volume  of  hydrogen  remains. 

I  am  not  aware,  however,  that  a  gas,  thus  characterized,  has 
been  recognised  by  any  other  chemist ;  and  it  has  already  been  stated, 
that  the  effect  of  standing  undisturbed  was  found  by  Dumas  to  be 
the  conversion  of  the  perphosphurcted  into  the  protophosphureted 
species. 

No  one  can  have  attentively  read  the  account,  which  I  have  given, 
of  the  compounds  of  phosphorus  and  hydrogen,  without  being 
aware  that  much  yet  remains  to  be  done  before  we  can,  with  any 
confidence,  assign  their  constitution.  The  imperfect  state  of  our 
knowledge  on  this  subject  will  be  still  more  apparent  to  those  who 
consult  the  original  memoirs.  In  these,  discrepancies  are  to  be 
found,  as  to  the  results  of  experiments,  that  can  only  be  explained 


or  oowoiniD  a oiui viable  bopikb. 


by  supposing  ihat  chemist*,  or  to  much  »kill  itnd  accttncy,  miut 
have  operated  on  gases  noiuinally  the  Kamci  but  actualtf  vmrtcd  u 
to  their  composition,  by  ihc  tcmpc ralure  unA  other  drcumilancct 
UDder  whif.h  ihry  havi-  been  productd. 


Hi/Jngat  u-ilh  Sulphur. 
SttlphurtUit  Iftfilrogen  Got. 
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Bulphurctcd  hydrops  gas,  Ibough  known  to  Rourllc,  wm  fint 
invesligatetl  by  Schc*le  in  ITTT;  and  ancrward*.by  BergntAB,  Kir- 
wan,  Berthollet,  ChauH«ier,  Davy,  Gny  Luuhc,  Thcnartl,  Dalioo, 
Berxelius,  and  other  chemical  philosophers.  It  may  be  romicd  b^ 
micatedly  subhitiing  sulphur  in  hydi-o^n  gas;  but  tbi»  prorrss  i» 
orlittle  use,  except  to  prove  ila  nature  by  direct  iiyntlieai^;  furilli 
impoMible  thus  to  convert  nearly  Ihe  whole  of  any  given  quutiiiy 
of  hydro^n  into  the  compound  gas.  For  the  purpoMa  of  experi- 
menl,  it  may  be  procured  by  any  one  of  the  following  mctbodti  bat 
the  fourth  is,  on  the  whole,  the  best. 

1.  By  the  action  of  diluted  sulphuric  acid  on  eulphuret  of  Iran, 
prepared  in  the  followinj^  manner.  A  bar  of  iron  is  to  Iw  heated  to 
awhile  or  WL-lding  heat  in  a  smilh's  forgL',  and,  in  this  siiii-,  ii  la 
be  rubbed  with  a  roll  of  sulphur.  The  metal  and  sulphur  unite, 
and  form  a  liquid  compound,  which  falls  down  in  drops.  Theae 
soon  congeal,  and  the  compound  must  be  preserved  in  a  well-closed 
phial.  The  sulphuret,  prepared  by  melting  iron  filings  with  sul- 
phur in  a  crucible,  does  not  answer  the  purpose  equally  well,  be- 
cause the  gas  which  it  affords  is  mix.ed  with  a  good  deal  of  hydro- 
gen gas,  evolved  by  the  iron  which  is  ahvays  in  excess. 

S.  Gay  Luss^c  prepares  sulphuret  of  iron,  by  introducing  into  a 
matrass  two  parts  by  weight  of  line  iron  filings  and  one  of  flowers  of 
sulphur.  To  these  water  is  added  in  sufficient  quantity  to  give  a 
thicVish  tonsistence;  and  the  matrass  is  healed  a  little,  to  farour 
tbe  com^bation,  which  is  indicated  by  a  copious  disengagement  of 
heat,  and^y  the  whole  mass  assuming  a  black  colour.  From  tbia 
compound,  sulphuric  acid,  diluted  with  four  times  its  volume  of 
water,  separates  sulphurcted  hydi-ogen  in  great  abundance.  It  is 
better  to  prepare  the  compound  when  wanted,  than  to  keep  it  ready 
made;  because,  unless  very  carefully  preserved  from  contact  witb 
the  air.  it  becomes  less  fit  for  the  purpose  of  affording  gas.  (Anik 
dcChim.et  Phya.vii.  314.) 

3.  The  sulphuret  of  potassa  (or  compound  so  called),  prepared 
by  boiling  flowers  of  sulphur  with  liquid  potassa  quite  free  froB 
carbonic  acid,  gives  sulphureted  hydrogen,  when  acted  upon  by  di- 
Imed  sulphuric  or  muriatic  acid. 

4.  On  powdered  sulphuret  of  antimony  (crude  antimony  of  ibc 
•hops)  pour  five  or  lix  timei  its  weight  of  muriatic  add  (ap.  gr. 
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I.IGO,  or  thereabouts),  in  a  retort  or  gas  bottle,  and  apply  the  heat 
of  a  lamp.  Sulphureted  hydrogen  will  be  disengaged  in  abundance, 
and  of  great  puritv. 

Whichsoever  of  these  processes  be  followed,  it  is  advisable,  as 
the  gas  is  absorbed  quickly  by  standing  over  water,  to  receive  it 
into  bottles  provided  with  glass  stoppers,  and,  after  filling  them  en- 
tirely with  the  gas,  to  introduce  the  stopper. 

Liquid  SvLtphureted  Hydrogen. 

Mr.  Faraday  obtained  sulphureted  hydrogen  in  a  Rgtiid  form  by 
producing  it  under  pressure,  with  the  apparatus  described  in  the 
section  on  carbonic  acid,  from  sulphuretof  iron  and  muriatic  acid. 
It  was  then  colourless,  limpid,  and  excessively  fluid.  Ether,  when 
compared  with  it  in  similar  tubes,  appeared  tenacious  and  oily.  It 
did  not  seem  more  consistent  at  O*^  than  at  45°  Fahr.,  and,  when 
raised  from  the  former  to  the  latter  temperature,  the  only  effect  was 
that  part  of  the  liquid  rose  in  vapour,  and  its  quantity  diminished. 
When  a  tube  containing  it  was  opened  under  water,  the  liquid 
rushed  immediately  into  gas,  which,  when  collected,  had  all  the 
properties  of  sulphureted  hydrogen.  The  refractive  power  of  the 
liquid  appeared  rather  greater  than  that  of  water ;  it  decidedly  sur- 
passed that  of  sulphurous  acid.  By  a  small  gauge,  introduced  into 
the  tube  in  which  it  was  produced,  the  pressure  of  its  vapour  was 
nearly  equal  to  17  atmospheres  at  50°  Fahr.  (Phil.  Trans.  1823,  p. 
192.) 

II.  When  in  the  form  of  gas^  sulphureted  hydrogen  has  the  fol- 
lowing properties : 

Its  smell  is  exceedingly  offensive,  resembling  that  of  putrefying 
eggs,  or  of  the  washings  of  a  gun-barrel,  to  both  which,  indeed,  it 
impants  their  offensive  odour. 

It  appears  to  be  one  of  the  most  unrespirable  of  all  the  gases, 
for  a  small  bird  died  immediately  in  air  containing  only  -^^  of 
its  volume  of  sulphureted  hydrogen;  a  dog  perished  in  air  min- 
gled with  f^;  and  a  horse  in  air  containing  j^.  (Thenard,  i. 
723.) 

It  is  inflammable,  and  burns  cither  silently  or  with  an  explosion, 
according  as  it  is  previously  mixed,  or  not,  with  oxygen  nsor  at- 
mospheric air.  During  this  coml>ustion,  water  results  irbm  the 
union  of  the  hydrogen  with  the  oxygen,  and  sulphurous  acid,  with 
a  little  sulphuric  acid,  from  that  of  the  oxygen  and  sulphur.  Two 
volumes  require  3  of  oxygen  gas,  1  volume  of  which  saturate  the 
hydrogen,  and  2  volumes  the  sulphur. 

It  tarnishes  silver,  mercury,  and  other  polished  metals;  and  in- 
stantly blackens  white  paint  and  solution  of  acetate  of  lead.  By  di- 
rect experiments,  I  have  found  that  1  volume  of  this  gas,  mixed 
with  2(),00()  volumes  of  hydrogen,  of  carbureted  hydrogen,  or  of 
common  air,  produces  a  sensible  discoloration  of  white  lead,  or  of 
oxide  of  bismuth,  mixed  with  water,  and  spread  upon  a  piece  of 
card.  In  this  way  we  may  ascertain  the  presence  in  coal  gas  of  ex- 
tremely small  quantities  of  sulphureted  hydrogen.     We  may  even 
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furm  a  inlcrublc  e^iiimftic  of  lU  proportion,  when  (oo  minute  to  be 
ulherwise  m^asuml,  by  comparing  ihc  Khadc  of  colour,  wiih  m  s^ 
nca  thai  h»  been  prepared  Tor  lh«  purpoi<-,  by  exposing  slip*  of 
card,  coviifcd  with  white  lead  and  watur.  to  mixtures  of  sulpbom* 
cd  hyilrineit  kd<1  common  air  In  known  proportionn. 

Salphorvted  hydro^n  i*  ahmrbirit  by  water,  which  takes  up  iU 
own  bulk,  or,  acconlin^  to  SauMure.  twice  anil  a  half,  or  lo  Gar 
LuaSBc.  three  limes  Ita  bulk  of  the  gasj  but,  in  order  to  obliio  to 

«nsidcrablc  an  Absorption,  the  ^;i*  Hubtniltcd  to  experiment  ihovid 
perfectly  Hw  from  common  hydri!gun.    Water  tlius  saiuraled 
^Mires  the  paculbu*  smell  of  the  gas     It  is  ihls^ai  which  gi*ca 
h  Wtbe  Harro^tc,  snd  aomc  other  natural  waters,  their  dingna- 
*Mc  odour.     Lkiuid  tnuriulic  ncid  nbaorbti  at  leaat  three  lime*  in 
Tolumenf  thej^ai;  and  sulphuric  acid,  diluted  with  an  equal  weljtbt 
of  water,  once  and  a  half  its  volume. 

Water,  saturated  with  this  Ras  redden*  the  infiiMon  of  rioleta, 
in  lhi«  rcupect  pruducin^the  effect  of  an  acid.  From  ihi>  and  other 
properties,  Bome  of  the  German  cheniials  have  proposed  for  it  the 
name  of  hyttrolluonh  ariilf  and  Gay  I.ussac  has  given  it  the  ubjc<- 
tinnahle  nanie  of  ht/ilro-suljihurie.  arid,  a  term  which  would  be  much 
more  properly  applied  to  liquid  sulphuric  add.  Berzrlius  to  nh 
his  theoretical  views,  has  proposed  the  name  of  «'Mrfe  Mjrfrijwe, 
and  for  ihe  comuounds,  which  it  forms  with  bases,  that  of  tiilpAth 
hydraltn  or  suljibydnaet.     (Ann.  de  Ch.  ei  ile  I'h.  xxxii  >     There 

con,  itiflcct!.  br  no   dnubt  thai    sulpliUiTli-d    l.'    ir        in  t,.  ;  :■■;  rns  ihe 

tinctly  describe  ii,  without  leading  lo  its  being  confounded  with 
any  of  the  compounds  of  sulphur  and  oxygen,  will  be  entitled  to 
adoption. 

Water  impregnated  with  sulphureted  hydrogen,  wben  exposed 
to  the  atmosphere,  becomes  covered  with  a  pellicle  of  snlphur. 
Sulphur  is  even  deposited  when  the  water  is  kept  in  weU-cloaed 
bottles. 

On  the  addition  of  a  few  drops  of  nitric  or  nitrous  acid  to  the 
watery  solution,  sulphur  is  instantly  precipitated.  Id  this  ctae 
ihe  oxygen  of  the  acid  combines  wiih  the  hydrogen  of  the  gas,  and 
the  sulphur  is  separated.  When  a  small  quantily  of  strong  fuming 
nitrous  acid  is  poured  into  a  wide-mouthed  receiver  containing  snl- 

Shureted  hydrogen  gas,  decomposition  takes  place,  and  a  beautiful 
ame  spreads  through  the  interior  of  the  vessel.  (Ann.  of  Phi). 
Tiii.  32d.)  The  gas  is  decomposed,  also,  when  transmitted  through 
sulptRiric,  nitric,  or  arsenic  acids.  (Quart.  Journ.  of  Science,  kc. 
ih  1S2.) 

Sulphureted  hydrogen  is  decomposed  by  mixture  with  chlorine, 
which  seizes  the  hydrogen,  and  sulphur  is  precipitated.  Vogel  ob- 
tained, in  this  way,  a  liituid  analogous  to  the  chloride  of  sulphur  of 
Dr.  Thomson.  Iodine  decomposes  sulphureted  hydrogen,  and  hy- 
driodic  acid  is  formed. 

It  is  decomposed,  also,  when  long  kept  in  a  slate  of  mixture  with 
atmospheric  air,  the  oxygen  of  which  combines  with  Ihe  bydrogCR* 
a>d  foriaa  watery  while  the  sulphur  is  precipitated. 
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A  succession  of  electric  explosions  liirows  down  sulphur  from  it, 
and  the  volume  of  the  gas  remains  unaltered.  A  similar  oflect  is 
produced  by  passing  it  through  an  ignited  porcelain  tube,  but  it 
cannot  in  this  way  be  entirely  decomposed.  Its  elements  arc  also 
disunited  by  exciting  vivid  ignition,  by  Voltaic  electricity,  in  plati- 
num wires  surrounded  by  it;  sulphur  is  deposited,  and  an  equal 
volume  of  hydrogen  remains. 

It  is  decomposed  when  passed  over  ignited  charcoal,  and  is  con- 
verted into  carbureted  hydrogen  gas.  Dumas  has  observed,  that 
when  sulphur  is  heated  in  contact  with  sulphurcted  hydrogen,  the 
latter  undergoes  some  change,  the  nature  of  which  he  has  not  ex- 
plained, but  which  is  indicated  by  a  contraction  of  one-tenth  of  its 
volume.  (Ann.  dc  Ch.  et  de  Ph.  xxxi.  I  IT.) 

Sulphureted  hydrogen,  both  in  the  state  of  a  gas  and  of  watery 
impregnation,  precipitates  all  metallic  solutions,  excepting  those 
of  iron,  nickel,  cobalt,  manganese,  titanium,  and  molybdenum. 

It  is  abundantly  absorbed  by  alkalies,  and  by  all  the  earths,  ex- 
cepting alumina  and  zirconia.  This  property  affords  a  ready 
method  of  ascertaining  its  purity;  for,  if  it  be  agitated  with  a  so- 
lution of  potassa  by  means  of  the  apparatus  represented  fig.  20  or 
21,  the  unabsorbed  residue  will  show  the  amount  of  the  impurity, 
which  is  commonly  hydrogen  gas.  Its  alkaline  and  earthy  combi- 
nations are  termed  hydro-HiilphHrets^  or  by  Herzelius,  as  already 
mentioned,  tudpho-fn/drates,  Accorciing  to  that  philosopher,  they 
are  few  in  number,  not  exceeding  eight.  They  precipitate  the 
salts  of  manganese,  zinc,  cerium,  iron,  glucina,  and  y  ttria,  with  a 
disengagement  of  sulphureted  hydrogen.  They  are  decomposed 
partially  by  carbonic  acid ;  and,  reciprocally,  the  alkaline  carbo- 
nates have  a  portion  of  their  acid  displaced  by  sulphureted  hydro- 
gen, an  apparent  anomaly,  which  is  explained  by  Gay  Lussac. 
(Ann.  of  Phil.  April,  1826,  p.  279.)  The  individual  compounds 
of  sulphureted  hydrogen  will  be  described  with  their  respective 
bases. 

Sulphureted  hydrogen  unites  with  an  equal  volume  of  ammonia- 
cal  gus,  or,  if  transmitted  through  the  watery  solution  of  that  gas, 
it  is  ra|)idly  absorbed,  and  the  liquid,  which  has  a  yellow  colour, 
and  a  stning  smell  of  sulphureted  hydrogen,  is  very  useful  as  a 
test  of  certain  metals. 

When  iy  volumes  of  sulpliurete<l  hydrogen  gas,  and  2  volumes 
of  su!])hurous  acid  gas,  both  dry,  are  mixed  together  over  mercury, 
they  arc  entirely  condensed  into  a  solid  body,  which  adheres  firmly 
to  the  inside  of  the  vessel.  This  substance  is  of  an  orange  yellow 
colour.  Its  taste  is  acid  and  hot,  and  it  leaves  a  permanent  im- 
pression on  the  mouth.  AVhen  perfectly  dry,  it  does  not  change 
litmus  paper ;  but  reddens  it  immediately  when  moistened.  Water, 
alcohol,  nitric  acid,  and  sulphuric  acid,  decompose  it,  and  disen- 
gage sulphur.  It  does  not  precipitate  the  watery  solution  of  bary- 
ta. It  is  decomposed  at  a  moderate  heat,  and  pure  sulphur  re- 
mains. Dr.  Thomson,  who  discovered  this  compound,  considers 
it  as  an  acid,  and  terms  it  hyduhsuiphurous  acid.    He  states  it  to 
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b<?  raiislituird  of  5  ntom*  »r  «ulphiir  +  4  uom»  of  osvgcn  +  S 
Bloms  oriiydrof^n.  (Ann.  of  I'hil.  xii.  -Ml.) 

Wli«n  ])utaas(um  or  sotlium  b  marie  to  net  on  lulpliiirMed  bf- 
tlrui^n  gaa,  a  [irilliani  combuniou  takes  placci  a  qaaniity  nf  hy- 
firogcn  gai  iti  evolved,  precisely  equivalent  to  that  which  tbr  aame 
wetsht  af  mcul  would  date  iepariit«cl  from  water;  the  mttfti  )iu» 
its  luatre,  and  becomes  grcvifili,  or  amber  colonrecl,  or  r«ddbb; 
Mirl,  by  the  actinn  of  diluieci  muriatic  add,  the  whole  of  tbc  ml- 
^j)hureted  hydruiren  is  recuvered.  Thi»  espertineni  proves*  that 
'•uIphuretM!  hydrogen,  and  consequcnily  sulphur,  contatn  no  oxy- 
gen; for  then  th«  pntaisium,  having  had  it«  oflinily  for  oxygen 
partly  latisfiedt  would  tiut.  nfter  being  acted  on  by  Iht^  gas,  evohe 
the  original  tjuantity  of  sulphureied  bydrof^en  from  water.  In  ihii 
ca>e  Gay  Lua»ac  cone«ivcs  thai  an  atom  of  potassium  decoi 
1^  atom  of  sulphureted  bydroKtm,  the  wtlphnr  of  which  it 

ami  that  tbiti  nutphurut  cumliines  with  another  alumuf  sHinI 

hydroprn.     During  solution  the  atom  of  metal  probably  decomp*-     i 
Be*  ail  atom  of  water,  nnd  an  additional  atoit)  of  milphurctcd  fajfdn-      ' 
gen  in  ri'-product^t,  which,  with  the  atom  of  potaaxa,  form  ■  hi- 
hydro-Bulphurcl.  (30  Ann.  Cb.  et  I'h.  p.  26.)  | 

The  specific  gravity  of  sulphureted  hyilrogen  gas  has  been  van- 
otisly  represented.  Sir  H.  Davy  states  the  weight  of  lOU  cubi-: 
inches  at  3(5.5  grains,  and  its  speci6c  gravity,  therrfcrc,  at  1. 196. 
G«y  Lussac  and  Thenard  determined  il»  specllic  grarity  to  hr 
1.1919  liy  experimenl,  or  1.17(58  by  calculation  ;  hence  100  cubic 
inches,  if  the  fjrsi  of  those  two  numbers  be  adopted,  should  weigh 
36.33  grains.  (81  Ann.  de  Chim.  2&) 

The  latest  attempt  to  ascertain  its  specific  gravity  is  that  of  Dr. 
Thomson,  the  experimental  result  of  which  was  ].ir88,  and,  after 
the  necessary  corrections,  1.1805.  Hence.  100  cubic  inches  (bar. 
30,  therm.  60°)  weigh  35.89  grains.  To  determine  its  composition, 
we  have  only  to  subtract  the  specific  gravity  of  hydrogen  fram 
that  of  the  compound  gas,  and  the  remainder  will  show  the  weight 
of  the  sulphur.     Thus, 

Sp.  grav.  of  sulphureted  hydrogen  gas    -    -     1.180 
of  hydrogen  gaa 0.069 

Sp.  grav.  of  vapour  of  sulphur  I.  HI 
One  volume  of  sulphureted  hydrogen  is  constituted,  therefore^ 
of  I  volume  of  Ihc  vapour  of  sulphur  ^  1  atom  (1,111)  +  I  voL 
of  hydrogen  gas  =  1  atom  (0.069).  But  tlic  numbers  ao69  and 
1.  Ill  are  in  tVie  pronortion  very  nearly  of  I  to  IG,  which  gives  ex- 
actly the  same  relatift;  weight  for  the  ultimate  particle  of  sulphar, 
as  that  deduced  from  the  composition  of  sulphuric  acid. 

Bi-ndpkuTtted  Hydrvgi 
was  discovered  by  Sche 

_... J  „.let.  (Ann.  de  Chim.  ton.. ,     ..  .. ____ 

when  the  liquid,  forming  by  boiling  flowers  of  sulpliur  with  aoh- 
lion  of  potasu,  is  pour^,  by  little  and  little,  into  muriatic  acid. 


This  compound  was  discovered  by  Scheele,  and  afterwards  a- 
imined  by  Berlhollet.  (Ann.  de  Chim.  lom.  xxv.)     It  ia  obtunH 


SECT.  IV.  HYDROGEN    WITH    SULPHUR.  383 

A  very  small  portion  only  of  gas  escapes  ;  and,  while  the  jjjreater 
part  of  the  sulphur  separates,  one  portion  of  it  combines  with  the 
sulphuretcd  hydrog;cn;  assumes  the  appearance  of  an  oil;  and  is 
deposited  at  the  bottom  of  the  vesseL  Or  we  may  dissolve  sulphur 
in  a  boiling  solution  of  pure  potassa ;  and  into  a  phialy  containing 
about  one-third  its  capacity  of  muriatic  acid,  of  the  specific  gravi- 
ty 1.07,  pour  about  an  equal  bulk  of  the  liquid  coihpound.  Cork 
the  phial,  and  shake  it ;  the  bi-sulphureted  hydrogen  gradually  set- 
tles to  the  bottom  in  the  form  of  a  brow^n,»viscid,  semifluid  mass. 
Its  properties  are  the  following : 

1.  Its  taste  and  smell  resemble  those  of  putrid  eggs,  but  are  less 
offensive.  Its  precise  specific  gravity  is  unknown,  but  it  is  heavier 
than  water,  and  descends  through  it.  It  is  inflammable,  and  bums 
in  the  air  with  a  smell  of  sulphurous  acid. 

2.  If  gently  heated,  sulphureted  hydrogen  gas  exhales  from  it ; 
the  bi-sulphuret  loses  its  fluidity ;  and  a  residue  is  left,  consisting 
merely  of  sulphur. 

3.  It  is  constituted,  according  to  Mr.  Dalton,  of  2  atoms  of  sul- 
phur &=s  32,  with  1  atom  of  hydrogen,  and  is  i-ep resented  by  the 
number  33. 

4.  It  combines  with  alkalies  and  earths ;  and  fonns  with  them  a 
class  of  substances  called  hydrot^urcted  ttulphurcts. 

The  hydrogureted  sulphurets  are  also  formed  by  boiling,  along 
with  a  sufficient  quantity  of  water,  the  alkaline,  or  earthy  base, 
with  flowers  of  sulphur.  Thus  a  solution  of  pure  potassa,  pure 
soda,  or  of  baryta  or  strontia,  may  be  changed  into  an  hydroguret- 
ed sulphuret.  As  an  illustration  of  what  may  be  supposed  to  take 
place,  let  us  imagine  3  atoms  of  sulphur  to  act  simultaneously  on 
1  atom  of  water  (=  1  atom  of  hydrogen  -f-  1  atom  of  oxygen);  2 
atoms  of  sulphur  with  the  atom  of  hydrogrn  will  comj)ose  an  atom 
of  bi-sulphureled  hydrogen,  which,  with  an  atom  of  potassa,  will 
form  1  atom  of  hydrogureted  sulphuret  of  potassa.  The  third 
atom  of  sulphur  will  unite  with  the  free  atom  of  oxygen,  and  form 
hyi>o-sulphurous  acid. 

To  prepare  the  compound  with  base  of  lime,  the  powdered  earth, 
mixed  with  sulphur,  may  be  boiled  with  a  proper  quantity  of  water, 
and  the  solution  filtered,  or  cleared  by  subsidence.  One  hundred 
grains  of  lime,  or  134  of  hydrate,  dissolve  about  215  of  sulphur, 
and  aflbrd  a  liquid  of  1.146  specific  gravity. 

AnothtT  method  of  forming,  by  a  very  simple  process,  the  hy- 
drogureted sulphui*ets,  consists  in  digesting,  in  a  gentle  heat,  a  hy- 
dro-sulphuret  with  powdered  sulphur,  an  additional  atom  of  which 
is  thus  dissolved,  while  part  of  the  sulphureted  hydrogen  escapes. 
(Thenard,  83  Ann.  Ch.  p.  1.V2.) 

Hydrogureted  sulphurets  have  the  following  properties: 

1.  They  have  a  deep  greenish  yellow  colour;  an  acrid  and  in- 
tensely bitter  taste  ;  and  an  excessively  oflensive  smell. 

2.  They  deposit  sulphur  when  kept  in  close  vesst-ls;  tu'come 
much  more  transparent  and  lighter  coloured;  and  less  olleiisixe  to 
the  smell. 

3.  They  rapidly  absorb  oxygen  from  the  atmosphere,  and  from 
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oxygen  gus.    Hence  their  craploymcnl  in  cudiometry,^  (Sec  chap. 
vii.  sect.  2.) 

4.  On  the  HiUilion  of  dilute  sulphuric,  or  muriatic,  or  of  cenaiB 
oUier  acidsa  tbcy  arc  decomposed,  Sulpburcted  hydrogvrn  gas  u 
evolved,  and  stilphur  is  precipitated. 

5.  When  boiled  in  contact  with  filing*  of  silver  or  of  copper,  and 
of  those  tnctats  only,  V'auquelin  found  that  tliey  Joie  their  excctt 
of  sulphur,  and  become  simple  hydro-sulphurcts. 

Hecapitvlatian. 

There  arc,  therefore,  tliree  distinct  combinttlons  of  xnlpbur  nd 
its  compounds,  with  metals,  and  with  alkalies  and  eardis.  Tnc 
first  consist  simply  of  sulptiur,  united  with  a  metallic  base,  and 
thoe  alone  arc  properly  called  mlpliureti.  The  second  arc  compot- 
«d  of  sulphurcted  hydragcnt  united  with  an  oxidized  boM:,  and  an 
called  ht/dru-nulfibuTcU.  The  third  contain  bi-autphuretcil  hjrdio- 
gen,  attached  lo  an  oxidized  base,  aiid  constitute  MfjirogurtUd  tid- 
phurett. 

The  sulphurcts  with  metallic  bases  can  exist,  as  such,  onty  is  ■ 
dry  state;  for  the  moment  they  begin  to  dissolve  in  water,  a  decvm- 
position  of  that  fluid  commences;  suiphureted  hydrogen  is  fomedi 
and  of  this  a  part  is  disengaged,  whUc  another  part,  uniting  with 
tat  additional  proportion  oT  sulphur,  composes  bi-sulphttretcd  hy- 
drogen, and  this  last,  uniting  with  the  base,  forms  an  hydro^reted 
Bulphurct.  At  the  same  time,  llerlhollet,  (Ann.  dc  CJi.  isv.  350, 
26y,)  supposed  that  sulphuric  acid  is  generated  by  the  action  of  (he 
sulphur  on  the  oxygen  of  the  water.  This,  however,  Gay  Lussac 
has  proved  taltes  place  only  when  the  sulphurct  has  been  formed  at 
an  unnecessary  degree  of  heat,  and  that  when  carefully  prepared, 
at  a  heat  below  redness,  the  solution  of  such  a  sulphuret  in  water 
contains  sulphurous  and  hypo-sutphurous  acids,  but  no  sulphuric 
acid.  (6  Ann.  de  Ch.  et  Phys.  322.)  The  metallic  sulphurets,  also, 
are  partly  changed,  by  solution,  into  hydrogureted  sulphurets;  in 
proof  of  which,  the  affusion  of  an  acid  throws  down  a  quantity  of 
sulphur.  A  distinguishing  character,  too,  of  solutions  of  this  liind 
IS,  that  sulphur  is  precipitated  bypassing  through  them  sulpburct- 
ed hydrogen  gas,  which  acts  as  a  weak  acid. 

According  lo  Proust,  if  red  oxide  of  mercury  be  added  to  solu- 
tions of  the  kind  which  have  been  just  described,  the  sulpburcted 
hydrogen  is  removed,  and  what  remains  is  a  pure  liquid  sulphurct, 
from  which  acids  precipitate  sulphur  only,  without  any  cffcrvev 
cence.  But  the  existence  of  liijuid  compounds  of  sulphur  with  al- 
kalies and  earths,  in  which  hydrogen  is  not  an  essential  elcmeot, 
is  now  justly  doubled,  though  they  must  be  admitted  nut'to  be  ioi- 
possible.  This  subject  will  be  farther  discussed  in  that  part  of  ibc 
chapter  on  metals  which  will  treat  of  the  formation  and  con&titu- 
lion  of  sulphurets. 
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SECTION  v; 

Ih/dfogm  with  Selenium. — Selenureied  Hydrogen  Qom, 

Berzelius,  by  fusing  together  potassium  and  selenium,  and  add- 
ing water  to  the  fused  mass,  obtained  a  hydro-selenuret  of  potassa 
of  a  deep  ale  colour.  By  pouring  diluted  muriatic  acid  on  the  con- 
centrated solution  of  this  compound,  a  gas  is  disengaged,  which 
has  the  following  properties. 

It  has  a  smell  resembling^  that  of  sulphureted  hydrogen.  It  is  ab- 
sorbed to  a  considerable  amount  by  water,  which  acquires  no  colour, 
but  after  some  minutes  becomes  slightly  opalescent,  and  deposits  a 
little  selenium.  The  solution  has  an  hepatic  taste,  reddens  litmus 
paper,  and  gives  a  permanent  brown  stain  to  the  skin.  Exposed  to 
the  air,  it  is  gradually  but  completely  decomposed.  It  precipitates 
all  metallic  solutions  when  neutral,  even  those  of  ziqc  and  iron, 
generally  of  a  brown  or  black  colour. 

This  gas  produces  violent  effects  on  the  organs  of  respiration, 
and  a  sharp  and  painful  sensation  in  the  nose,  which  is  followed  by 
the  loss,  for  a  time,  of  the  sense  of  smelling.  A  small  bubble  not 
larger  than  a  pea,  when  let  up  into  the  nostrils,  beside  the  imme- 
diate effects  which  have  been  described,  produced  a  mucous  dis- 
charge, which  continued  fifteen  days.  (Annals  of  Phil.xiv.  100.) 

To  determine  its  composition,  it  was  transmitted  through  a  solu- 
tion of  acetate  of  silver,  when  a  selenuret  of  silver  was  formed, 
from  the  known  composition  of  which  Berzelius  deduces  the  com- 
position of  this  gas  to  be,  . 

Selenium      -    97.4    -     1  atom    -    41 
Hydrogen    -■      2.6    -    1     do.     -      1 

100.  42 

This  determination  of  the  equivalent  of  selenium,  though  not 
exactly  agreeing  with  that  deducible  from  the  composition  of  se- 
lenic  acid,  does  not  differ  more  than  might  be  expected  from  the 
complicated  nature  of  the  process ;  and  we  may  therefore  admit  40 
as  the  true  atomic  weight  of  selenium. 

Selenium  agrees,  then,  with  sulphur  and  with  tellurium,  in  af- 
fording a  weak  acid  when  united  with  hydrogen ;  an  acid  which,  in 
all  three  cases,  forms  salts  with  those  oxides  only  whose  radicals 
have  a  stronger  affinity  for  oxygen  than  hydrogen  has;  while  it  re- 
duces all  other  oxides,  and  forms  compounds  of  their  respective 
metals  with  selenium. 


OF  noMpavKi 


SECTION  VI. 

Nitrogen  toilh  Carbon. 

Aktv  i.^Carimret  of  Nilrogtn^  or  Cyanof^m. 

Cyanogen  was  discovered  bf  (>:iy  L.URsar  in  1815,  while  mgti|pil 
^ibUcxci-.llcnt  rcscnrchcainio  ihv  properties  of  ihcconipouDi]  itm 
^nUcd  pmnnialt  uf  nureary.     lu  propcrticsi  have  iiacc  «l4o  been  in- 
VMlJgitted  !>/  Vuuquelin. 

To  ubtaiii  cyanogen,  it  is  necessary  first  to  boil  line  powdrtrd  ml 
oxide  of  mercury  with  twice  its  weight  of  pruKsian  bine  and  a  ntf- 
Itcieni  ouaniity  of  watrr.  The  cnmpound  is  perfectly  iicutnl,  lad 
crj'iitiillizux  in  lung  four-Hided  prinnii  truncated  obliqucly>  It  atiB, 
however,  contains  a  Itttle  iton,  which  may  be  separated  by  di- 
gesting the  Jifjuor,  before  evuporalion,  wilh  n  little  more  of  the 
oxide  qf  nirrcury,  and  saiurating  the  exccsi  of  this  uiiide  with  a 
little  prussic  acid,  or  even  with  a  little  diluU^d  tnuriaiic  aiLJd.  The 
urusRiatc  of  mercury,  thus  ubtaiued  neutral  and  cryiilitllizrd,  niBat 
be  carefully  and  completely  dried  at  a  temperature  brlaw  that  of 
Iioiling  water,  and  then  exposed  to  heat  in  a  Htnall  gluta  rebN-t,  or 
in  a  lul>e  cloned  itl  one  extremity.    It  first  blackens,  tben  Utiucfiat 


and  ilir- 


soalul  ^\. 


Wlu'ii  piodiic.-d  ii 
was  oblLiitua   by  Ml 
very  lluitl,  uoi  alifi-iii]j  its  siaii 
nearly  ((.'J;  its  rclVaclivc  j 

within  did  not  appear  vcrj 
the  state  of  vapour,  produ 
over  mercury, proved  lo  hi 
appeare<l  lo  be  iM|ual  to  no 
Fain-. 

The  pr<.|.cnii's  of  .yam 
lownij;: 

1.  h  is  airu,>f;as,oipcr: 
penetratiiij;,  and  iliia^rci-aDic,     1 
with  piiiplo.   lis  spttilic  l;l■a^^ly  : 
rimciit,  as  I.H(lii4;  Ijy  cab  iiluliuii 
inches  al  tiir  l';il)r.   \ni];li  55  \;\:i 

its  volmur.  m„\  juirr  alcoliol  -z:,  I 
;   (bis.  liorti 


hich  maybe 

.   '.-.:•■  a  cbarry  mal- 

1,    (Gay  LuMac, 

nson's  Annals,  viii.  V-) 

.  lubt'^  iindi^r  pressure,  cyanogen 

a   lii|iiid,  limpid,  colourless,  and 

11"  I';ihr.  Us  specific  graviiywas 

uwer  appeared  raiber  less  than  thai  of 

I  being  opened  in  the  air,  the  expansion 

great,  and  the  li(|uid  passed  slowly  into 

"ing  great  cold.    The  vapour,  collected 

pure  cyanogen.   Ily  the  gauge,  its  force 

more  than  J.6  or  3.7  atmospheres  at  45° 


illeclcd  Q 


"■>■>  ■ 


L-  iheTol- 


rntly  elastic  Huid.  Its  smell  is  strong, 
It  burns  with  a  bluish  lliujie  mixed 
y  is  to  tlial  of  common  air  by  expe- 
j!i.  .IS  I.S(ij.i,  to  1.   Hence  lOOcubic 


'Talir.  absorbs  a 


as  : 


cfTcLiof  , 


logen,  but  of  (he  prodiu 


by  the  (letoiiiposilion  of  water.   (VjiLjueliJi.  in  Ann.  ol"  Phil,  i 
4:10.)     IJy  louy  keepinj;,  a  slroni;  solution  was  fouiiil  by  V'au(|Uelin 
lu  assume  a  light  amber  colour,  and  to  deposit  oroitgc  yellow  crys- 
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tals,  which  he  proposes  to  call  sub-cyanogen.  (Ann.  of  PhiL  N.  S. 
vi.  68.) 

3.  When  100  measures  of  cyanogen  are  detonated,  in  a  Volta's 
cudionicter,  with  250  measures  of  oxygen  gas,  200  measures  of  car- 
bonic acid  result,  and  100  measures  of  nitrogen.  There  remain, 
also,  50  measures  of  oxygen  gas  uncondensed.  From  these  data, 
it  is  deduced  by  Ciay  Lussac,  that  cyanogen  is  composed  of  2  vols, 
of  vapour  of  carbon,  and  1  vol.  of  nitrogen,  condensed  into  1  vol. 
Its  density  ought,  therefore,  to  be  0.9722  +  0.832  =  1.8042,  a  num- 
ber not  very  remote  from  that  obtained  by  experiment. 

4.  Analysis  by  more  complicated  methods  affords  the  same  re- 
sult, coinciding  with  that  in  which  cyanogen  yields,  by  the  action 
of  oxygen,  twice  its  volume  of  carbonic  acid  and  an  equal  volume 
of  nitrogon.  No  water  whatsoever  is  formed  during  its  combustion, 
if  the  gas  lie  perfectly  free  from  prussic  acid  vapour,  a  sufficient 
proof  of  the  absence  of  hydrogen  from  the  composition  of  cyanogen. 

5.  Cyanogen  and  chlorine,  both  perfectly  dry,  Imve  no  action  on 
each  other  even  in  sun-light,  and  by  standing  a  month;  but  the  pre- 
sence of  moisture  modifies  the  result,  and  new  compounds  are  form- 
ed. (St-rullas,  35  Ann.  Ch.  et  de  Ph.  299.) 

G.  Phosphorus,  sulphur,  and  iodine,  may  be  sublimed  in  it  with- 
out producing  any  change ;  but,  when  heated  in  contact  with  cy- 
anide of  mercury,  compounds  of  those  bodies  with  cyanogen  are 
formed.  (Davy,  Joum.  of  Science,  vol.  i.) 

7.  The  solutions  of  pure  alkalies  and  alkaline  earths  absorb  cy- 
anogen ;  and  the  liquid  obtained,  when  poured  into  a  solution  of 
black  oxide  of  iron,  affords  prussian  blue,  but  not  without  the  ad- 
dition of  an  acid.  At  the  same  time,  carbonic  acid  gas  escapes,  in 
volunu;  tciuivalent  to  the  cyanogrn  absorbed,  and  thcix;  is  a  per- 
ceptible smell  of  prussic  acid.  These  changes  will  be  more  evident 
from  the  following  recapitulation  : 

^       ,     «  r  =  2  vols,  charcoal  1  decomposes  f  =»  1  vol.  oxygen 
1  \o  .  o  J      ^^^  ^  ^.^^^  nitro-     v   1  atom  of  \   and  2  vols,  hy- 
cyanogen  I  ^^^  J      ^^^^^^      |         ^^^^ 

One  volume  of  charcoal,  uniting  with  1  vol.  of  oxygen,  forms  1 
vol.  of  carbonic  acid ;  the  remaining  volume  of  charcoal,  uniting 
with  1  vol.  of  nitrogen  and  i  vol.  of  hydrogen,  composes  1  vol.  of 
prussic  acid;  and  the  residuary  i  vol.  of  nitrogim  and  li  voL  of 
hydrogen  compose  together  I  volume  of  ammonia. 

Art.  "Z.—Ilydro-cyanic  or  Prussic  Add. 

Trom  the  prtMsiatCy  or,  more  correctly,  ferro-rytttiule  of  mercury^ 
which  has  been  already  described,  hydro-cyanic  acid  may  be  ob- 
tained by  distillation  with  muriatic  acid,  taking  care  to  employ  a 
proportion  of  the  latter  which  is  not  sufficient  to  saturate  the  me- 
iulli<'  base  of  the  salt.  The  neck  of  the  retort  must  l>e  prolonged, 
for  aliout  two  feet,  by  a  glass  tube  of  at  least  half  an  inch  bore, 
placed  horizontally,  and  containing,  in  the  one-third  next  the  re- 
tort, small  pieces  of  white  marble,  in  the  other  two-thirds,  fused 
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chloriOe  of  cnJciuia-  'I'o  the  cud  or  ihin  tube  a  small 
be  luted,  unci  Ix:  kitpt  cool  by  a  frccalnu  mixture.  Iljrdro-cfank 
»cld,  &long«ilh  muriatic  acid  and  watery  vapour,  will  be  diMn- 
gaRed  on  eentlj'  healing  Ihe  retort,  the  two  last  of  which  wilJ  be 
condenstu)  nj  themairriah  in  llie  tube;  while  the  &-st,  by  »iicoc»- 
stvely  healing  the  ditTereiit  parts  of  the  tube,  may  be  drivot  oo> 
wards  W  the  receiver. 

On  repeating  this  process  Vauquclin  found  the  product  of  l>f> 
dro^yanic  acid  so  extremely  small,  that  be  was  induced  lo  »cck  (or 
B  better  method  of  obtaining  it.  He  succeeded  by  passing  a  car- 
renlof  sulphurctcd  hydrogen  gaa,  disengaged  from  sulphnret  of 
iron  and  sulphuric  acid,  very  slowly,  through  a  glass  tube,  slight- 
ly healed  and  filled  with  cyanide  of  mercury,  its  extremity  ending 
in  a  receiver,  which  was  kept  cool  by  a  mixture  of  snow  and  ulL 
The  process  was  carried  on  till  the  smell  of  «ulphureted  hydrogen, 
which  for  a  long  time  could  not  be  perceived,  was  discovcn^  in 
the  receiver.  Tie  hydro-cyanic  acid  amounted  id  weight  to  one- 
fifth  the  cyanide  of  mercury.  To  avoid  any  inconvenience  frum  the 
process  being  carried  too  far,  some  carbonate  of  lead  was  placed 
ut  tlie  end  of  the  tulie  next  the  receiver,  iu  order  to  absorb  the  sil- 
phureted  hydrogen  that  might  pass  unde composed. 

The  hydro-cyanic  acid  is  subject  to  spontaneous  decompoaitSciBi 
and  the  more  so  the  greater  its  state  of  concentration.  For  medi- 
cal  use,  into  which  it  has  been  of  late  years  introduced,  it  nutjr  be 
obtained  by  dissolving  CO  grains  of  cyanide  of  mercury  in  each 
ounce  of  water,  and  passing  a  current  of  sulphureted  hydrogen  gas 
through  the  solution,  till  the  liquid  contains  a  slight  excess  of  it, 
which  may  be  separated  by  a  little  carbonate  of  lead;  after  which 
the  fluid  may  be  filtered. 

The  process  adopted  at  Apothecaries'  Hall,  London,  is  the  fol- 
lowing:— One  pound  of  cyanide  of  mercury  is  put  into  a  tubulated 
retort  with  six  pints  of  water  and  one  pound  of  muriatic  acid,  sp. 
gr.  1.15;  a  capacious  receiver  is  luted  to  the  retort;  and  six  pints 
are  distilled  over.  The  specific  gravity  of  the  product  is  0.995 ;  it 
.  must  be  preserved  in  bottles  excluded  from  the  light,  and,  being 
•ubject  to  decomposition,  should  not  be  long  kept,  (lirande'a  Ma- 
nual, i.  HO.)  The  specific  gravity  of  the  acid  is  considered  by  Dr. 
Ure  as  an  inadequate  test  of  its  sirength;  and  he  recommends  the 
following  as  a  more  simple  method  of  analysis:  "To  100  grains, 
or  any  other  convenient  quantity,  of  the  acid,  contained  in  a  small 
▼ial,  add,  in  succession,  small  quantities  of  the  peroxide  of  mercu- 
ry in  fine  i>owder,  till  it  ceases  to  be  dissolved  on  agitation.  The 
weight  of  the  oxide  taken  up,  being  divided  by  four,  gives  a  quo- 
tient representing  the  ijuanlily  of  real  pnissic  acid  present.  By  ■ 
weighing  out  before-hatid  on  a  natch  glass  -10  or  50  grains  of  the 
peroxide,  the  residual  weight  of  it  shows  at  once  the  quantity  ex- 
pended."   (Quarterly  Journal,  xiii.  Sl'Z) 

Concentrated  hydro-cyanic  acid,  prepared  by  the  process  of  Gay 
Lusaac  or  Vauquelin,  is  a  limpid  and  colourless  fluid.  It  acts  as  a 
t]uick  and  virulent  poison.  It  has  a  great  tendency  to  decomfwse 
hy  keeping.     Its  taste  is  at  first  coot,  but  soon  becomes  hot  and 
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acrid.  Though  rectified  from  chalk,  it  still  reddens  litmus  paper 
slightly.  Its  specific  gravity  at  45°  Fahr.  is  .7058.  It  is  highly  vo- 
latile, and  boils  at  79°  Fahr. ;  at  68°  it  supports  a  column  of  mer- 
cury of  very  nearly  15  inches;  and  it  increases  five  fold  the  bulk  of 
any  gas  with  which  it  is  mbced.  It  congeals  at  the  temperature 
produced  by  snow  and  salt,  and  liquefies  at  5°  Fahr.  A  drop  of  it 
placed  on  paper  becomes  solid  instantly,  because  the  cold,  produc- 
ed by  the  evaporation  of  one  portion,  reduces  the  temperature  of 
the  remainder  I>eIow  its  freezing  point  Liquid  hydro-cyanic  acid 
forms  Prussian  blue  directly,  both  with  iron  and  its  oxide,  and 
without  the  presence  of  either  acid  or  alkali.  The  explanation  of 
this  fact  will  be  given  hereafter.  It  does  not  prove,  as  Vauquelin 
supposes,  that  prussian  blue  is  a  hydro-cyanate  of  iron. 

Hydro-cyanic  acid  may  also  be  collected  in  a. gaseous  form  over 
mercury,  by  heating  in  a  retort  the  crystallized  ferro-cyanateof  po- 
tassa  with  dilute  sulphuric  acid.  This  gas  is  absorbable  by  water 
and  alcohol.  It  is  speedily  fatal  when  received  iiito  the  lungs  of 
small  animals.  At  a  temperature  between  8G°  and  95°  Fahr.,  the 
acid  gas  forms  with  oxygen  gas  a  mixture  which  detonates  on  ])ass- 
ing  an  electric  spark.  A  quantity  equal  to  100  measures  condense 
125  measures  of  oxygen,  and  there  result  100  measures  of  carbonic 
acid  and  50  measures  of  nitrogen.  But  as  the  carbonic  acid  con- 
tains only  its  own  volume  of  oxygen,  there  ixniain  25  measures  of 
the  latter  gas,  which  must  have  been  converted  into  water  by  50 
measures  of  hydrogen  existing  in  the  prussic  acid  vapour.  From 
these  and  other  facts,  (>ay  Lussac  infers  that  it  is  composed  of  1 
volume  of  the  vapour  of  charcoal,  half  a  volume  of  hydrogen,  and 
half  a  volume  of  nitrogen,  condensed  into  1  vol. 

When  liquid  hydro-cyanic  acid  is  poured  into  a  vessel  filled  with 
chlorine  gas,  and  this  is  removed  into  a  dark  place,  an  immediate 
and  vivid  action  takes  place;  muriatic  acid  and  ammonia  are  form- 
ed, and  compose  a  white  solid,  and  carbonic  acid  and  carl>onic  ox- 
ide are  produced.  Solid  compounds  of  chlorine,  carbon,  and  hy- 
drogen, appear  also  to  be  formed,  which  require  further  investiga- 
tion. (Serullas.^ 

When  potassium  is  heated  in  hydro-cyanic  vapour,  it  evolves  hy- 
drogen gas  equal  to  half  the  volume  of  the  vapour.  The  other  ele- 
ments of  the  gas  unite  with  the  potassium.  Thus  the  hydro-cyanic 
acid  is  resolved  into  hydrogen  and  cyanogen,  which  last,  uniting 
with  the  potassium,  forms  a  cyanide  of  that  metal.  As  hydro-cy- 
anic acid  is  constituted  of  equal  volumes  of  those  two  gases,  united 
without  condensation,  we  have 

£  vols,  hydro-cyanic  >  1  vol.  hydr.      =  5  ^  *^^^'  ^^'*^^^'*' 
acid  vapour  ^         5  ^  vol.  cyanog.  »  c  ^  vol.  nitrog. 

To  learn  the  specific  gravity  of  hydro-cyanic  vapour,  we  must 
add  the  sp.  gr.  of  cyanogen  to  that  of  hydrogen  and  divide  by  i2 
(1.8055  +  a0694  =  1.8749  -i-  2  =  .93745>  This  differs  very  lit- 
tle from  .9476,  the  result  of  experiment.    By  weight  it  consists  of 

Cyanogen     -    -     -     -    ^ 100 

Hydrogen     -    .    -    -    ' 3.840 


592  or  cuMPoinn)  AoiDitlMuc  fioniKt.  chak  vni. 

or  Sgtomsof  chu-co^  =  12,  +  1  of  nilrogtui  a  14,-|-  1  of  hydro- 
gen; anil  its  equlvulcMl  number  is  ST. 

The  salU  formrd  by  the  union  of  this  ttcid  wilh  snlifiabln  l>ft«n 
ore  caDed  hyibi^iyaiiitla,  hut  they  arc  noftwirmancm,  nnU  bave  do 
uacfiU  properdeB.  Thvy  an;  (It-tomiioiicd  liy  tliu  wtrukc&t  acuity 
such  a»  the  carbonic. 

Hy^-wanatt  of  amntmiia  ci7Slallizct  in  cubes  or  in  rrry  sbuH 
prisms,  fts  volatility  is  such,  that,  at  a  temperature  of  7^  Fahr. 
It0  vapour  supports  a  column  of  upwards  of  15  inclie*  uF  mercury; 
anil  al  9T°  Fahr.  it  is  equal  to  the  prcssnre  of  ihc  atmosphere.  Dr. 
Thomson  finds  that,  when  prussian  blue  is  exposed  tu  a  trd  bvai  tn 
a  copper  tube,  and  the  products  received  over  mercury,  tl>c  gliM 
receiver  is  coated  with  transparent  crystals  of  this  salt.  The  sul»- 
tion  of  this  salt  precipitates  several  metallic  solutions  qui  adccteit 
by  hydro-cyanic  acid,  which,  according  to  Scbcelc,  acts  otUy  oa 
nitrates  of  silver  and  mercury,  and  on  carbonate  of  iron.  (Atm.  a( 
Phil.  XV.  394.) 

Abt.  S.—Cyaiwia  and  Cyanic  •Sddt. 
A  peculiar  acid  was  first  obtained  in  a  statt;  of  combinaiioo,  by 
Wohler,  who  caused  a  watery  solution  of  baryta,  at  ibc  bottom  oif 
which  were  undissolved  crystals  of  that  earth,  to  absorb  cyanogen. 
The  baryllc  salt  was  decomposed  by  mixing  its  solutioo  with  one 
of  an  alkaline  sulphate,  ((juart.  Joum.  xiv.  425,  xvi.  104.)  He  has 
since  obtained  the  cyaiiate  of  po'taasa,  directly,  and  in  great  abwt- 
dance,  by  the  followini;  proceis:  Calcine,  at  a  low  red  hi'ai.  (W 
a  strong  heat  destroys  the  cyanic  acid)  equal  weights  of  anhydrous 
ferro-cyanate  of  polama  and  peroxide  of  manganese.  Pulverize  the 
remaining  mass,  and  boil  it  with  alcohol  8G  per  cenu  pure;  on 
cooling,  the  salt  separates  in  small  plaics  resembling  the  chlorate 
of  potassa.    (Ann.  de  Ch.  et  de  Phys.  xxvii.  196.) 

The  acid,  thus  obtained  in  combination  with  potassa,  may  be 
transferred  by  double  decomposition  to  other  bases;  but  it  has  not 
yet  been  exhibited  in  a  separate  state.     To  this,  the  easy  disunion 

;■  of  its  elements  by  other  chemical  agents,  and  even  by  an  increased 
temperature,  is  a  pgwcrful  obstacle.     When  cyanate  of  potassa  in 

'  solution  is  merely  healed,  the  cyanic  acid  is  decomposed,  and  car- 
bonic acid  and  ammonia  are  generated;  and  still  more  readily  if  a 
weak  acid  be  added.  This  propei'iy  served  as  the  groundwork  <J 
a  method  of  analysis,  by  which  Wuhler  determined  cyanic  acid  to 
consist  o" 


Nitrogen  1  atom 
Oxygen    I  atom 


Cyanogen  I  atom  ■ 
Oxygen      1  atom 


Weight  of  its  atom     34 


Weight  of  its 
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It  is  remarkable  that  this  is  precisely  the  constitution  auig^ed 
by  Liebig  and  Gay  Lussac  to  cyanic  acid  as  it  exists  in  a  class  of 
salts,  to  which  they  have  given  the  name  of  fulminaie$,  to  be  de- 
scribed in  voL  2d.,  section  **On  Silver."  Liebig,  indeed^  on  re-ex- 
amining the  acid  described  by  Wohler,  has  been  led  to  conclude 
that  it  IS  less  oxygenated  than  the  true  cyanic  acid,  and  that  it  con- 
sists, in  fact,  of  an  atom  and  a  half  of  cyanogen  and  an  atom  of 
oxygen.  (35  Ann.  de  Ch.  et  de  Ph.  334.)  But  Wohler,  on  repeat- 
ing his  analysis,  still  finds  additional  evidence  of  the  correctness 
of  his  former  results,  and  that  the  acid,  formed  by  his  process,  is, 
as  to  its  proportions  of  cyanogen  and  oxygen,  precisely  analogous 
to  that  existing  in  the  fulminating  compounds.  In  preparing  these, 
by  the  action  of  silver  or  mercury  on  nitric  acid  and  alcohol,  a  new 
acid  is  formed,  which  may  be  transferred  from  the  oxides  of  those 
metals  to  other  bases.  Potassa,  for  instance,  digested  with  fulmi- 
nating silver,  forms  a  crystallizable  and  detonating /tilmtno/e.  In 
all  salts  of  this  kind,  the  elements  of  cyanic  acid  exist,  constituting, 
with  a  metallic  oxide,  which  may  differ  in  different  cases,  the  acid 
that  gives  to  each  salt  its  peculiar  properties.  Beside  the  metallic 
oxide,  entering  as  an  element  into  the  fidnunic  acidj  the  fulminating 
salt  contains  another  portion  either  of  the  same  or  of  a  different 
oxide,  which  serves  as  a  base.  The  fulminic  acid  has  not,  however, 
any  more  than  the  cyanic,  been  obtained  separate ;  for  when  this 
was  attempted,  either  the  fulminates  were  not  decomposed  by  the 
acids  added  with  that  view,  or  the  fulminic  acid  was  resolved  into 
its  constituent  principles,  which,  with  the  elements  of  the  decom- 
posing acid,  formed  new  compounds.  When  muriatic  acid,  for  in- 
stance, was  made  to  act  on  fulminate  of  silver,  an  acid  compound 
was  formed  of  chlorine,  carbon,  and  nitrogen,  which,  among  other 
peculiar  properties,  had  that  of  changing  the  colour  of  pcr-chloride 
of  iron  to  a  deep  red.  (Ann.  de  Ch.  et  de  Phys.  xxiv.  294,  xxv. 
285.)  In  the  course  of  his  inquiries,  Liebig  discovered  that  cyanic 
acid,  uniting  with  ammonia,  composes  tireo,  the  characteristic  in- 
gredient of  urine. 

Serullas,  in  an  able  memoir  published  in  the  Ann.  de  Ch.  et  de 
Ph.  for  August,  1828,  admits  the  existence  of  an  acid  coinposed,  as 
stated  by  Wohler,  of  an  atom  of  cyanogen  +  an  atom  of^  oxygen, 
but  he  is  disposed  to  consider  this  'as  cyanou9  acidi  From  the  per- 
chloride  of  cyanogen,  which  will  presently  be  described,  he  obtains, 
by  the  action  of  hot  water,  both  muriatic  acid,  and  a  new  acid  com- 
pound of  cyanogen  and  oxygen.  Evaporation  expels  the  muriatic 
acid,  and  leaves  a  true  cyanic  acid,  capable  (which  the  acid  of 
Wohler  is  not)  of  existing  in  a  separate  form,  and  possessing,  in- 
deed, considerable  stability  of  composition,  since  it  affords  crystals 
which  may  be  repeatedly  dissolved  and  rccrystallized,  and  which 
even  dissolve  without  change  in  nitric  and  sulphuric  acids.  With 
bases  it  forms  a  distinct  class  of  salts  properly  called  cyanaiti. 
Carefully  analyzed,  this  acid  was  found  to  consist  of 
Vol.  I.  3D 


r 


'^ 


Cyonogcn    .--■--     1  atom  "«  26 


Art.  4.—Chk>ro-cyimic  Scid  (Ct/fmidt  of  Chlorine,  or  ChJoridi  ^ 
Cymiogai.) 

Chloro-cyanic  acid  was  discovered  by  DerthoUct,  who  ToubiI  tbil 
hytlro-cyanic  acid,  by  absorbing  chlorine,  aciiuiroi  new  propcrtiMi 
&nd  no  longer  forms  a  blue  precipJUlc  with  the  suluiioos  of  ire& 
Supposing  the  new  compound  to  result  from  the  union  of  axyefli 
with  the  pnissic  acid,  he  gave  ilthe  name  ot  ory-fintMic  aad.  The 
iiuture  of  this  combiuation  has  aince  been  invcutigated  by  Gh  hu- 
ssc  (Ann-  de  Chim.  vol.  xev.)  To  prepare  it,  a  curreot  of  tkb- 
rinc  gas  may  be  passed  through  a  solution  of  hydro-cyanic  acid  In 
water,  till  the  liituid  decolours  the  solution  of  indigo  in  lalpburic 
acid.  By  agitating  this  liquid  with  mercury,  and  by  distilUngii 
a  gentle  heat,  an  elastic  fluid  is  formed.  This,  however,  ia  doi  putv 
cldoro-cyanic  acid,  for  at  temperatures  from  60°  to  TO"  Fnhr.,  and 
under  common  pressures,  that  acid  can  only  exist  as  a  liquid.  It  is 
a  mixture  of  carbonic  acid  and  chloro-cyanic  acids,  in  proportiotu 
rot  yet  determined. 

The  mixture  of  carbonic  and  cbloro.cyanic  acidi  is  co1onrle«i 
it  has  a  very  penetrating  smell,  and  excites  a  flow  of  tears ;  its  den- 
sity, determined  by  calculation,  is  ^123,  air  being  1.  It  reddens 
litmus,  is  not  inHammablc,  and  does  not  detonate  by  passing  un 
electric  spark  through  a  mixture  of  the  gas,  with  twice  its  volume 
of  hydrogen  or  of  oxygen  ;  but,  with  a  mixture  of  the  two,  it  bums 
vividly,  with  the  production  of  a  blucish  white  flame,  and  of  an 
extremely  dense  white  vapour,  which  has  the  smell  of  nitrous  gas, 
and  the  taste  of  a  mercurial  salt 

A  characteristic  property  of  this  acid  is,  that  with  the  interven- 
tion of  potassa,  it  forms  green  precipitates  from  solutions  in  which 
the  iron  is  oxidized  to  a  minimum.  The  experiment  only  succeeds 
when  we  first  add  the  chloro-cyanic  acid  to  the  metallic  solution, 
then  a  little  alkali,  and  Bnally  a  small  portion  of  acid. 

According  to  the  analysis  of  Gay  Lussac,  this  acid  is  constituted 
of 

1  vol.  of  gaseous  carbon     1         .         ... 
i  a  volume  of  nitrogen        (condensed  into 

1 chlorine        J      '  ^"l"""^" 

In  other  words,  1  vol.  of  chlorine  and  I  vol,  of  cyanogen  produce, 
hy  combining,  2  vols,  of  chloro-cyanic  acid.  Hence  its  density 
should  be  the  mean  of  (hose  of  its  components. 

The  compound  of  cyanogen  and  chlorine,  however,  not  having 
licen  obtained  by  M.  Oay  Lussac  in  a  state  of  purity,  M.  Scrullas 
has  carefully  re-examined  its  formation  and  properties.  (Ann.  dc 
Ch.  ct  dc  I'h.  July  and  August,  1827.)  Having  found  thai  iodine 
and  bromine,  by  siniple  contact  with  cyanide  of  mercury,  attract 
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cyanogenf  Senillas  had  recourse  to  the  same  method  of  proceeding 
with  the  chlorine  gas.  In  the  dark,  and  wheii  the  mercurial  salt  is 
dry,  no  change  ensues,  as  M.  Gay  Lussac  had  experienced,  nor 
does  any  very  decided  change  take  place,  even  in  sun-light;  but  the 
addition  of  sufficient  water  to  render  the  cyanide  semi-fliiidt  causes 
a  new  combination.  In  seven  or  eight  hours,  even  in  the  dark,  the 
chlorine  is  found  deprived  of  its  colour,  and  b  replaced  by  a  gas 
not  absorbable  by  mercury,  but  immediately  absorbed  by  water; 
in  fact,  by  a  true  cyanide  of  chlorine,  while  the  mercury,  deserted 
by  the  cyanogen,  has  formed,  with  another  portion  of  chlorine,  bi- 
chloride of  mercury.  The  newly-formed  gas  is  not  free  from  at- 
mospheric air,  and  a  small  portion  of  muriatic  acid  and  cyanogen 
gases ;  but  admits  of  being  purified  by  its  remarkable  property  of 
crystallizing  by  a  cold  of  0^  Fahr.  The  crystals,  as  first  formed, 
required  to  be  purified  by  a  series  of  manipulations,  for  which,  as 
they  would  lead  me  too  much  into  details,  I  refer  to  Ann.  de  Ch. 
et  de  Pb.  for  July,  p.  296. 

Cyanfde  of  chlorine  has  a  striking  analogy,  as  to  its  characters 
and  properties,  with  the  similar  compounds  of  iodine  and  bromine. 
It  remains  solid  at  0^  Fahr.,  but  becomes  fluid  between  +  10  and 
5  of  the  same  scale,  and  at  -|-  68^  Fahr.  is  a  gas  equivalent  to  four 
atmospheres. 

It  has  the  form  of  elongated  transparent  prisms.  Its  taste  is  ex- 
ceedingly caustic,  and  it  is  an  active  poison.  It  is  decomposed  by 
contact  with  pure  alkalies.  Its  solution,  mixed  with  potash,  and  then 
added  to  acid  sulphate  of  iron,  evolves  no  green  colour ;  but,  if  we 
commence  with  sulphate  of  iron,  then  add  potassa,  and  lastly  an 
acidv  the  change  to  green  takes  place. 

The  constitution  of  cyanide  of  chlorine  seems  to  be 

Chlorine,  1  atom 36 

Cyanogen,  1  atom 26 

62 

By  the  action  of  moistened  cyanide  of  mercury  on  chlorine,  a  por- 
tion of  yellow  liquid  is  also  formed,  which  Seruilas  believes  to  be  a 
compound  of  proto-chloride  of  carbon  and  chloride  of  azote.  In  this, 
the  explosive  property  of  the  latter  compound  is  entirely  suppressed, 
and  it  is^  decomposed  by  an  elevated  temperature,  and  by  other 
causes,  without  any  violent  phenomena. 

Per-chloride  of  Cyanogen. 

We  are  indebted  to  Seruilas  for  the  discovery  of  a  new  compound 
of  chlorine  and  cyanogen,  to  which  he  has  given  the  above  name. 
It  is  produced  by  pouring  about  15.5  grains  of  the  pure  hydro- 
cyanic acid  of  Gay  Lussac  into  a  bottle  containing  about  61  cubic 
inches  of  dry  chlorine.  The  bottle  being  closed  with  a  stopper,  , 
and  exposed  to  sun-light,  the  hydro-cyanic  acid  is  vapourized ;  and, 
after  a  few  hours,  a  colourless  liquid  is  seen  on  the  inner  surface 
of  the  bottle,  having  the  appearance  of  water,  which  becpmcs  thick- 
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« til4  iMckcR  and  finally,  in  about  twoniy-four  liouri,  sets  iau  a 
while  ^olid,  ndxed  with  shining  crystala.  The  process  is  one  of 
•ome  delicacy,  snd  njciuiren  the  observance  of  several  prccaniio«i», 
which  arc  givrn  at  length  in  the  original  memoir.    (.\nn.  dc  Ch. 

Ahr,  ifiaa,  p.  372.) 

When  carefully  purified  and  dried,  it  is  brillianlly  wnilc,  iM 
cryHialUzes  Id  needle* ;  U  exhales  a  vapour,  which  excite*  tear*. 
It«  specific  gravity  is  1.320;  it  fuact  «t  H0%  and  biuls  Hi  190*. 
When  kept  some  time  it  exhales,  oa  dfteBio);  the  buule.  an  odoar 
of  muriatic  acid.  It  is  sparingly  sohiWe  in  cold  walcr,  bni  div 
solves  in  hot,  though  with  partial  decomposition.  It  is  rxtrcmely 
poilonous :  a  single  grain  proved  fatal  to  a  rabbit. 

Ptiiassa,  added  to  the  watery  solution,  ca««;»  the  fonnation  « 
muriate  and  cyanate  of  that  base  Polasnium,  mixed  with  ibe  dry 
per-cliloridc,  combines  with  it  with  flame,  and  chloride  and  cyan- 
ide of  potassium  are  formed.  When  nitrate  of  silver  is  mixed 
with  the  watery  solution,  chloride  of  silver  is  precipiutcd ;  uu! 
cyanate  of  silver  is  formed,  but  remains  dissolved  by  ihc  nitric  acid. 
On  cautiously  adding  ammonia,  ihc  chloride  is  dissolved,  and  tbe 
cyanate  is  precipitated  t  but  ttic  latter  is  also  dissolved  by  an  ex- 
cess of  ammonia. 

All  the  analytical  experiments,  made  to  aaceitaui  iu  composi- 
tion, concur  in  proving  it  to  consist  of 

Chlorine,     &  atoms  -    -    7S 
Cyanogen,    I  atom     ■     -     S6 

Weight  of  its  atom      98 

Art.  5. — Cyanide  of  Iodine,  and  Cyanide  of  Bromuu. 

Cyanide  of  Iodine, — This  compound  was  obtained  by  M.  SeruUas 
by  heating,  in  a  widc-mouihcd  phial,  a  mixture  of  one  pan  iodine 
and  two  parts  cyanide  of  miTcury,  bo(h  perfectly  dry.  When  the 
cyanide  of  mercury  begins  lo  be  decomposed,  and  the  violet  vapour 
of  iodine  ceases  to  be  produced,  the  phial  is  placed  inclined  under 
an  inverted  bell-sha|>ed  glass,  the  mouth  of  which  is  then  closed 
with  a  piece  of  paper  or  disk  of  glass.  White  vapours  arise  from 
the  phial,  and  are  condensed  in  fine  coiton-Iike  flocks  on  the  sur- 
face of  the  paper  or  ),-lass  disk.  To  purify  these  from  sonie  adher- 
ing cyanide  of  mercury,  they  are  re-sublimed,  at  the  gentlest  heal 
adei^uate  lo  thai  elTeci. 

The  cyanide  of  iodine,  thus  purified,  is  perfectly  white,  and  in 
the  form  of  fine  long  needles.  Its  smell  is  pungent,  and  it  irritates 
the  eyes,  producing  a  flow  of  tears,  lis  taste  is  excessively  caus- 
tic; its  specific  gravity  such  that  it  sinks  in  sulphuric  acid;  i(  i> 
soluble  in  water,  and  still  more  in  alcohol ;  its  solutions  are  colour- 
less, and  have  the  odour  and  tasie  of  Hit  substance  itself;  they  nei- 
ther change  the  colour  of  liinius  nor  turmeric.  In  this  respect  the 
analogy  between  chlorine  and  iodine  fails,  for  the  compound  of  the 
former  with  cyanogen  is  decidedly  acid ;  while  that  with  the  latter 
has  no  acid  properties. 
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Solution  of  pure  potassa  decomposes  this  substaticey  and  hydrio* 
date  and  hydro-cyanate  of  that  base  are  formed.  The  solutiim 
affords  a  beautiful  green  precipitate  with  proto-sulphate  of  iron. 
Nitric  acid  dissolves  it  entire.  Muriatic  acid  resolves  it  iifto  hy- 
dro-cyanic acid  and  iodine.  Sulphurous  acid  decomposes  it  sud- 
denly^  a  few  drops  of  the  watery  solution  instantly  disengaging  io- 
dine from  the  crystals ;  but  the  gas  itself  has  not,  if  dry,  any  ac- 
tion upon  them. 

By  an  analysis  of  this  subatance,  M.  Serullas  determined  it  to  be 
a  compound  of 

1  atom  of  iodine      -    -     125 
1  atom  of  cyanogen      -      26 
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Cyanide  of  bromine  has  been  obtained  by  M.  Serullas,  by  a  pro- 
cess analogous  to  that  for  preparing  cyanide  of  iodine.  The  pro- 
perties of  the  three  cyanides  (of  chlorine,  iodine,  and  bromine)  re- 
semble each  other  so  closely,  that  for  a  description  and  analysis  of 
the  last,  I  think  It  sufficient  to  refer  to  the  original  memoirs  in  the 
S4th  and  35th  vols,  of  Ann.  de  Ch.  et  de  Phys. 

Art.  6. — Of  Svlpho-cyanic  Add. 

This  acid  was  discovered  by  Mr.  Porrett,  to  whom  we  are  in- 
debted for  a  number  of  curious  and  interesting  experiments  on  all 
the  acids  having  cyanogen  for  their  base.  He  gave  it  the  name  of 
9ulphureted  chyazic  acid,  the  term  chyazic  being  compounded  of 
the  first  letter  of  carbon,  the  first  syllables  of  hydrogen  and  azote, 
with  the  usual  termination  signifying  an  acid.  He  considered  it 
as  a  compound  of  sulphur  with  hydro-cyanic  acid,  but  since  the 
researches  of  Gay  Lussac,  it  may  be  rather  regarded  as  a  compound 
of  sulphur  with  cyanogen. 

The  original  process  of  Mr.  Porrett  is  somewhat  complicated 
and  tedious.  The  following  method  was  contrived  by  Grotthus, 
and  improved  by  Vogel.  Mix  equal  weights  of  pulverized  ferro- 
cyanate  (commonly  called  prussiate)  of  potassa  and  flowers  of  sul- 
phur, and  expose  the  mixture  in  a  flask  to  a  heat  sufficient  to  melt 
the  sulphur,  keeping  it  melted  for  several  hours.  When  cold,  re- 
duce the  mass  to  powder,  and  digest  it  in  water  enough  to  take  up 
every  thing  soluble.  Filter  the  liquor,  and  drop  into  it  a  sufficient 
quantity  of  potassa  to  precipitate  any  iron  that  may  be  held  in  so- 
lution. The  liquid,  thus  prepared,  is  a  solution  of  sulpho-cyanate 
of  potassa  in  water,  and  the  acid  ingredient  may  be  obtained,  mix- 
ed with  water,  by  distilling  it  with  sulphuric  acid. 

Sulpho-cyanic  acid,  thus  obtained,  is  a  transparent  liquid,  co- 
lourless, or  with  a  slight  pinkish  hue,  with  an  odour  as  strong  as, 
and  somewhat  resembling,  that  of  acetic  acid.  The  strongest  ob- 
tained by  Mr.  Porrett  had  the  specific  gravity  1.022.  It  dissolves 
a  little  more  sulphur  at  a  boiling  temperature  $  but  most  of  this  is 
separated  again  on  cooling.    In  this  state  it  throws  down  oxide  of 
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HilvcrfroTii  tbc  fiiiiatcora  dark  colour;  but  otherwise  Ihi:  prvc'ipi- 
lateU  white. 

SiUpho-cyanic  acid  lioils  at  2lGi";  and  at  54i°  crfitaJIisn  b 
six-aided  prisms.  Whcti  ihrowii  into  a  red-hot  platinum  crucibki 
sulphur  Is  discngagped,  and  »  blueflnmv  is  produced.  It  UpurttoUjr 
d(;i:oin|>oaed  by  being  iransmttted  through  a  red-hot  porcelain  lube ; 
and,  if  brought  imn  contact  with  ignitwl  iron  turnings,  sulphurct 
of  iron  is  formed,  and  hydro-cyanic mU  and  aulphurcted  hydro^ 
disL-ngaged . 

Uy  a  sufficient  quantity  of  chlorine,  the  whole  of  the  sulphur  Is 
coijvfrted  into  sulphuric  acid,  and  hydro-cyanic  acid  is  disengaged, 
lojlnc  produces  a  similar  effect. 

When  added  to  solutions  of  the  per-salts  of  iron,  it  changes  tbcm 
to  a  deep  red  colour-  With  protoxide  of  copper,  it  affords  ik  whJU 
inBoluble  sulpho -cyan ate.  Fivm  the  analysis  of  this  salt,  Mr.  Pttr- 
rcl  drew  his  inference  respeciiog  the  compoution  of  the  idd, 
which  he  conceived  to  consist  of  one-third  by  weight  of  the  ek- 
mentfi  of  hydro-cyauic  acid,  and  two-thirds  of  sulphur.  According 
to  Dr.  Thomson  (System,  6th  cdiL  ii.  306),  it  ts  constituted  of 

2  atoms  of  sulphur 32 

2  atoms  of  charcoal     -- 12 

1  atom  of  nitrogen 14 

I  atom  of  hydrogen      ..--.--       | 

If  this  be  the  correct  view,  its  equivalent  number  is  59 
It  is  capable  of  uniting  with  salifiable  bases,  and  composes  a 
genus  of  salts  called  suipho-cyaruUes.     Many  of  these  have  been  in- 
vestigated by  Mr.  I'orretL 

AuT.  7 — Ferro-tyanic  Add. 

The  ferro-cyanic  acid  may  be  prepared  by  the  following  process : 
dissolve  in  cold  water  any  quantity  of  the  salt  called  triple  prussi- 
ate  (ferro-cyanate)  of  baryta,  and  for  every  ten  grains  so  dissolted. 
add  a  (juantiiy  of  sulphuric  acid  equivalent  to  5,53  grains  of  real 
acid ;  stir  the  mixture ;  and  set  it  aside  for  some  lime.  The  baryta 
and  sulphuric  acid  arc  precipitated  in  combination  ;  and  the  ferro- 
cyanic  acid  may  be  decanted  for  use.  Its  characters  are  the  fol- 
lowing : 

It  has  a  pale  lemon-yellow  colour;  has  no  smell;  and  is  not  poi- 
sonous in  small  quantities.  It  is  decomposed  by  a  gentle  heal,  or 
by  exposure  lo  a  strong  light,  in  which  case  hydro-cyanic  acid  ii 
formed,  and  also  white  triple  prussiate  of  iron,  which,  by  absorbinR 
oxyg<-n,  becomes  (Trussian  blue.  With  alkalies,  earths,  and  metallic 
oiLtdes,  it  forms  directly  the  salts  called  triple prussialta.  It  displa- 
ces acetic  acid  front  all  its  combinations,  and  also  detaches,  from 
other  acids,  those  bases,  with  which  it  is  susceptible  of  forming 
compounds  that  are  insoluble  in  acids.  Being, decomposable  by 
heat,  it  can  never  be  obtained  by  distillation.  In  that  case,  hydro- 
cyanic acid  and  hydro-cyanate  of  iron  are  formed.     Mr.  Porrclt 
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has  also  pointed  out  a  method  of  obtaining  ferro-cyanic  acid  in  a 
crystallized  form.  Dissolve  58  grains  of  crystallized  tartaric  tcid 
in  alcohol,  and  50  grains  of  ferro-c^anate  of  potassa  in  as  little 
warm  water  as  possible.  Mix  the  two  liquids.  Bi-tartrate  of  po- 
tassa  is  precipitated,  and  the  ferro-cyanic  acid  remains  in  solution. 
By  spontaneous  evaporation,  it  crystallizes  in  small  yellow  cubes, 
which,  on  exposure  to  the  light,  lose  their  regular  shape,  are  de- 
composed, and  become  coated  with  prussian  blue.  It  appears, 
therefore,  that  the  balance  of  affinities,  preserving  this  acid,  is  very 
soon  disturbed,  and  that  its  elements  are  easily  thrown  into  new 
arrangements. 

We  are  indebted  to  Mr.  Porrett  for  the  view,  which  is  most  ciHn- 
monly  taken  of  the  nature  of  the  acid  entering  into  the  composi- 
tion of  the  salts  formerly  called  pnusiates  or  triple  prussiates.  It 
had  generally  been  supposed  that  the  protoxide  of  iron,  which  is 
always  present  in  these  salts,  acted  the  part  of  a  base,  with  which 
(conjointly  with  an  alkali  or  earth)  the  prussic  acid  was  supposed 
to  be  united  in  the  triple  compounds.  Mr.  Porrett,  however,  has 
rendered  it  more  probable  that  the  oxide  is  really  an  element  of  the 
acid,  and  not  a  base;  for  he  finds  that  when  triple  prussiatc  of 
soda  in  solution  is  exposed  to  galvanic  electricity,  the  oxide  of  iron 
is  carried,  along  with  the  elements  of  the  prussic  acid,  to  the  posi- 
tive pole :  whereas,  if  it  had  existed  as  a  base,  it  would  have  been 
determined  to  the  negative  pole.  He  proposed  for  it  the  name  of 
ferrureted  chyazic  acid;  but  I  prefer  that  of  ferro-cyanic,  which,  not 
necessarily  excluding  hydrogen  from  its  composition,  is  still  con- 
sistent with  the  new  view  arising  out  of  Mr.  Porrett's  researches. 
This  view  explains  why  the  iron  in  triple  prussiates  (ferro-cyanates) 
is  not  discoverable  by  the  most  delicate  tests,  for  it  can  no  more  be 
affected  by  them,  than  sulphur  can  be  indicated  by  its  appropriate 
tests  when  existing  in  sulphuric  acid. 

According  to  the  latest  analysis  by  Mr.  Porrett,  ferro-cyanic 
acid  consists  of  1  atom  of  hydro-cyanic  acid  +  2  atoms  of  char- 
coal +  1  atom  of  metallic  iron.  M.  Robiquct,  on  the  other  hand, 
regards  it  as  compounded  of  the  elements  of  hydro-cyanic  acid 
and  of  cyanide  of  iron,  in  the  same  manner  as  we  may  conceive  al- 
cohol to  be  formed  of  water  and  olefiant  gas.  (Ann.  de  Ch.  et  de 
Phys.  xvii.  197.)  He  considers  it,  indeed,  as  a  true  hydracid,  and 
in  this  opinion  Gay  Lussac  coincides,  assigning  to  it  the  following 
constitution.  (Same  work,  xxii.  322.) 

2  atoms  of  hygrogen 2 

1  atom  of  iron 28 

3  atoms  of  cyanogen    --t---,78 


or  of 


108 


2  atoms  hydro-cyanic  acid    -    -     -    -    54 
1  atom  cyanide  of  iron 54 

108 
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The  radicle  or  the  acid  then  is  Tormci  of  I  atom  of  iron*  nd  S 
atoms  of  cyanogen.  When  wc  unite  ihr  scJd  with  an  oxide,  U«  hy- 
drogen forms  water  with  the  ojLygen  uf  the  oxide,  and  its  radide 
combines  with  the  metallic  base  of  the  latter.  The  compound  ob- 
tained is,  therefore,  no  longer  a  priissiale  or  ferru-cyanaie,  Imi  ■ 
ftrro-cyaaide.  Ag^ain,  when  we  act  upon  this  tait  comnound  with  a 
hydracid  (xulphureted  hydro^ii  for  loatunce)  its  hyorogcD  unitn 
with  the  iron  and  cyanogen,  and  regei^nites  hydro/crro-ejftaSt  arid, 
which,  under  this  view,  is  the  proper  Appellation  of  ferro-pniMic 
acid. 

Berzclius,  in  his  former  paper,  did  not  admit  the  existence  of 

Btfiti  an  acid  aa  the  ferro-cyanic ;  but  in  a  recent  work  on  Iran, 

quoted  by  Mr   B.  Phillips  (Ann.  of  PhiL  kc.  for  Februarv,  !Wr, 

p.  1  LI),  he  says,  that  ferruginous  hydro-cyanic  acid  (focMH  J^pdlr*- 

'    eyaniqtte/erruginf)  is  composed  either  of 

Prussic  acid   ..-.----    46.57 
Prusaiatc  of  protoxide  of  iron    -     -     53.43 

100. 
or  of 

Prussic  acid 4^57 

'  Cyanide  of  iron 45." 

Watcr 7.66 

if»ao 

On  the  former  view  the  water  obtained  by  healing  the  triple 
prussiate,  is  formed  by  the  union  of  the  hydrogen  of  the  hydro-cy- 
anic acid  and  the  oxygen  of  the  oxides  i  on  the  latter  it  is  merely 
separated.  From  the  facts  which  are  at  present  known,  it  cannot 
be  decided  which  is  the  true  view,  and  farther  experiments  are  ne- 
cessary lo  throw  light  on  this  obscure  subject. 


SECTION  VII. 

Compounds  of  Phosphorta. 

Art.  1, — Phosphurel  of  Stilphur. 

Phosphorus  is  capaJjIe  of  uniting  with  sulphur  in  various  pro- 
portions; but  it  is  probalilc  that  the  most  energetic  compound 
would  be  obtained  by  taking  the  two  substances  in  tiuantiiies  indi- 
cated liy  the  weights  of  their  atoms,  vU.,  Ifi  parts  of  sulphur  to  I'- 
of  phosphorus.  The  process  re(|uire5  some  caution,  lo  prevent  ic- 
cidcnts  by  the  explosion  of  the  melted  substances;  and  it  is  advisa- 
ble not  to  operate  on  more  than  from  60  to  80  grains  of  the  material) 
taken  together.  The  combinaiion  may  be  cfTecied  either  under  wa- 
ter or  not.  In  the  firs!  case,  the  phosphorus  and  sulphur  may  bepnl 
together  into  a  tube  containing  water,  the  temperature  of  which 
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should  not  exceed  from  140°  to  160°  Fahr.,  and  the  tube  may  be 
agitated  till  the  combination  has  taken  place.  In  the  second  case, 
into  a  tube  4  or  5  inches  long,  and  from  4- 10th s  to  8-lOths  of  an 
inch  wide,  the  phosphorus  may  be  put  first,  and,  when  fused  by 
the  heat  of  a  lamp,  the  sulphur  may  be  added  at  intervals  in  small 
fragments.  In  both  cases,  sulphurcted  hydrogen  is  evolved  at  the 
moment  of  combination. 

The  phosphuret  of  sulphur  is  much  more  fusible  than  phospho- 
rus itself,  its  melting  point  being  about  41°  Fahr.  Hence  it  is  fluid 
at  the  common  temperature  of  the  atmosphere.  It  has  a  reddish 
brown  colour  when  fresh  prepared,  but  tiiis  may  be  removed  by 
shaking  it  with  a  solution  of  ammonia,  and  leaving  it  some  hours 
under  that  liquid,  ^t  common  temperatures  it  does  not  act  at  all 
on  water,  nor  does  it  decompose  water  rapidly  even  at  212°  Fahr. 
A  compound,  prepared  by  Mr.  Faraday  from  5  of  sulphur  and  7  of 
phosphorus,  did  not  become  solid  at  20°  Fahr.,  and  was  perfectly 
fluid  at  32''.  On  remaining  some  weeks  under  water,  it  (teposited 
crystals  of  pure  sulphur,  and  a  compound  remained  that  was  not 
so  fusible  as  the  original  one.* 

Art.  2. — Phosphuret  of  SeUfdunu 

Selenium  is  speedily  dissolved  by  melted  phosphorus,  and,  if 
added  to  saturation,  a  very  fusible  compound  results,  which,  when 
cold,  has  a  dark  brown  colour,  much  lustre,  and  a  vitreous  fracture. 
When  this  compound  is  digested  in  water,  selenureted  hydrogen  is 
fonned,  which,  dibsolving  in  the  water,  communicates  to  it  a  pe- 
culiar hepatic  odour.  The  proportions  of  its  constituents  are  un- 
known. 


SECTION  VIII. 

Compounds  of  Sulphur  unth  Carbon,  Sdenium^  ^t. 

The  compounds  of  sulphur  with  hydrogen  having  been  already 
described,  the  only  ones  that  remain  are  those  which  sulphur  forms 
with  carbon  and  with  selenium. 

Art.  1. — Bi-mlphutet  of  Carbon^  or  Alcohol  of  Sulphur. 

There  has  been  much  controversy  respecting  the  nature  of  this 
compound;  and  several  contradictory  statements  have  been  given 
of  itH  composition.  It  was  discovered  by  Lampadius  in  1796,  and 
was  considered  by  him  as  consisting  of  sulphur  and  hydrogen.  Cle- 
ment and  Desormes  were  led,  by  their  researches,  to  deny  the  pre* 
sence  of  the  latter  element;  and  to  conclude  that  it  is  a  compound 

*  Quarterly  Journal,  iv.  361.    Sec  alio  PcUcticr,  Ann.  de  Chim.  iv.  10 1  and 
Accum  and  Uriggs,  Micbolioa'i  Jounial,  vi.  and  vii. 
Vol.  I.  3  E 
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of  sulphur  and  choreosil  only.  This  inference  wm  afwrwarfs  con- 
iroverud  by  ViUKjueltnand  by  nurlliollel,  jun.;  and  Uic  cxperimentt 
of  CIuxcl  bJ»o  were  su]tpoi;ca  by  thrir  auUior  to  be  tuvounUe  lu 
the  opinion,  lliai  il  comuiii*  hyJroneii.  (Ann.  ilc  Chim.  Ixxxiv.  ri) 
In  B  rqjort,  howrcvcr,  on  iUl-  Mtnioir  of  ClnicI,  MM.  UrnhoBet, 
SGU^  Thcnard,  and  Vauqudin*  described  met  of  e^LperimeoU  nude 
by  ibe  last-meuiUioed  chemist,  which  led  lliem  tu  believe  ihrnl  \he 
Blcohol  uf  sulphur  Is  b  cuinnQUad  of  sulphur  and  chBrcoil  ontr-. 
(Ann.  dc  Chim.  IxxxJlI.  5153;)  and  this  inference  ha»  been  protcd 
to  be  correct,  by  the  subBcquent  inveiligutioii  of  Berxelioi  snd 
MaretL  (Phil.  Trana.  1818.) 

To  pi-cparc  this  subBlance,  u  coated  earthen  tube,  of  aboat  hoc 
iach  and  a  half  in  diameter,  partly  filled  with  ^mull  pieces  of  char- 
cntd,  well  prepared  and  quite  free  from  inuiature,  may  be  dl^M*- 
r  ed  In  a  furnace,  as  represented  fig.  40,  C  c,  one  end  being  placed 
higher  than  the  other.  To  this  extremity  may  be  adantnl  «  glan 
tube,  open  at  both  CDds,  containing  small  biu  of  aulphur;  and  to 
the  other  end,  by  means  of  an  adopter,  Is  lu  be' fixed  acur«ed  luli& 
passed  into  water  coniaiaed  In  a  two-ncckcd  bolllc  The  ptri  of 
the  tube,  containing  the  charcoal,  may  then  be  made  rrd-hoii  and, 
when  this  happens,  tlic  bits  of  sulphur  are  to  be  puahud  fonrardi^ 
one  by  one,  by  means  of  a  wire,  carefully  excluding  atmospheric 
air.  As  soon  as  the  sulphur  comes  into  contact  with  the  r.harcwJ, 
bubbles  of  gas  will  be  produced  iit  great  abundauce,  aqd  a  %'a{«osf 
wiU  appear,  which  will  condense  under  the  water  ia  ibt  bottle,  into 
a  liquid,  of  which,  in  the  course  of  a  day,  about  half  a  pint  may  be 
procured.  This  liquid  may  be  purified  by  redistilling;  it  at  a  very 
gentle  heal,  not  exceeding  100°  or  1 10"  l-ahrenheil;  and  some  dry 
chloride  of  calcium  may  lie  put  into  the  retort,  in  order  to  obtain 
the  fluid  perfcclly  free  from  ivattr.  T!ie  liquid  which  comes  over 
is  quite  pure,  and  some  sulphur  remains  in  the  retorL  It  ma;  also 
be  obtained  by  distilling  a  mixture  of  ten  parts  of  finely- puWerired 
and  perfect  charcoal  with  50  of  native  bi-sulphuret  of  iron,  from 
an  earthen  retort,  into  a  receiver  surrounded  by  ice  or  snow.  One 
part  of  bi-sulphuret  of  carbon  will  be  obtained  froin  these  male- 
rials. 

The  alcohol  of  sulphur  has  the  following  properties : 

It  is  eminently  transparent,  and  perfectly  colourless.  Sometimes, 
immediately  after  distillation,  the  oily  liquid  appears  a  little  opaque 
and  milky;  but  the  next  day  it  is  found  to  have  become  completely 
limpid,  it  has  an  acrid,  pungent,  and  somewhat  aromatic  taste; 
its  smell  is  nauseous  and  fetid,  though  differing  from  that  of  sul- 
phurcted  hydrogen. 

Its  specific  gravity  is  1.272;  its  refractive  power,  as  ascertaioeil 
by  Dr.  Wollaston,  is  1.645.  Its  expansive  force  (at  30  inches  h»- 
romeier,  and  S.'ll'' Fahrenheit)  is  equal  to  the  pressure  of  7.36  inckn 
of  mercury;  so  that  air,  to  which  it  is  admitted,  will  dilate  abont 
one-fourth  of  its  volume.  It  boils  briskly  under  the  common  atmn- 
sphcric  pressure,  at  a  temperature  of  103°  or  1 1U°  FahrenheiL  It 
does  not  congeal,  even  at  a  Icmpcralurc  so  low  as  60°  belov  0  of 
Fahrenheit. 
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Bi^ulphuret  of  carbon  has  an  extraordinary  power  of  producing 
cold  by  Its  volatilization.  The  bulb  of  a  thermometer  being  cover- 
ed with  fine  lint,  and  moistened  with  a  few  drops  of  the  liquor,  the 
mercury  sinks  rapidly  from  60^  to  0;  and  under  the  exhausted  re- 
ceiver of  an  air-pump  (the  valves  of  which  must,  for  this  purpose, 
be  made  of  metal,  and  not  of  silk)  it  falls  from  -f-  T^^  to  TCT  or  even 
80°  below  0°,  so  that  by  this  process  mercury  may  readily  be 
frozen.  fMarcet.)  It  has  been  found,  also,  by  Mr.  Murray,  that 
when  a  few  drops  of  this  liquid  are  poured  on  the  surface  of  a 
glass  of  water,  the  temperature  of  which  is  S2*^  Fahr.,  plumose 
branches  of  ice  dart  from  the  sulphuret  to  the  bottom  of  the  ves- 
sel, and  the  whole  water  is  suddenly  frozen.  At  the  same  time, 
the  sulphuret  becomes  volatilized ;  and  the  spiculae  of  ice  beauti- 
fully exhibit  the  colours  of  the  solar  spectrum.  (Ann.  of  Philos. 
iiL  N.  S.) 

It  is  highly  inflammable,  and  takes  fire  at  a  temperature  scarcely 
exceeding  that  at  which  mercury  boils.  Its  flame  is  bluish,  and  it 
emits  copious  fumes  of  sulphurous  acid.  If  a  long  glass  tube,  open 
at  both  ends,  be  held  over  the  flame,  care  being  taken  to  keep  the 
tube  quite  cool,  no  moisture  whatever  is  deposited  on  its  inner  sur- 
face— a  sufficient  proof  of  the  absence  of  hydrogen. 

It  is  decomposed  by  contact  with  chlorine,  and  chloride  of  sul- 
phur is  obtained. 

The  oily  liquid  readily  dissolves  in  alcohol  and  ether,  though  not 
in  all  proportions,  and  these  solutions  are  decomposed  by  the  addi- 
tion of  water.  It  easily  incorporates  with  fixed  and  volatile  oils, 
and  rapidly  dissolves  camphor.  It  is  not  soluble  in  water,  but  when 
shaken  with  it  separates  again  on  standing. 

In  its  liquid  state,  it  suffers  no  change  on  being  heated  with  po- 
tassium ;  but  potassium,  when  heated  in  its  vapour,  becomes  ignit- 
ed, and  emits  a  reddish  flame.  The  residue,  when  washed  with 
water,  affords  charcoal  and  hydro-sulphuret  of  potassa. 

It  does  not  tarnish  mercury  or  its  amalgams,  nor  silver,  unless 
it  contains  more  sulphur  than  is  essential  to  its  constitution. 

The  alkalies  dissolve  it  entirely,  but  very  slowly.  Of  the  acids, 
none  exert  any  sensible  action  on  it. 

When  transmitted  over  ignited  copper  or  iron  turnings,  alcohol 
of  sulphur  is  decomposed,  the  metal  combining  both  with  charcoal 
and  sulphur ;  and  a  rose-coloured  fluid  is  obtained,  differing  in  its 
sensit>le  qualities  from  the  original  liquid,  and  apparently  consist- 
ing of  the  same  elements  in  different  proportions.  It  is  decomposed 
also  when  brought  into  contact  with  ignited  per-oxide  of  iron;  sul- 
phuret of  iron  is  formed ;  and  sulphurous  and  carbonic  acids  are 
produced,  and  may  be  separated  from  each  other  by  borax,  which 
absorbs  the  former  only.  In  this  way  it  may  be  analyzed,  and  its 
proportions  calculated. 

'1  he  proportions  of  the  elements  of  sulphuret  of  carbon  arc  de- 
duced by  BerthoUet,  Thenard,  and  Vauquelin,  to  be  from  14  to  15 
parts  of  charcoal,  and  from  85  to  86  of  sulphur,  in  100.  This  state- 
ment of  its  composition  agrees  with  the  results  of  Berzelius  and 
Marcct;  rtz., 
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Sulphur    •     S4.B3      -     or     -       38  —  9  atoms 
Carbon      -     15.17      -     or    -        fi  =  1  auim 

100.  Aloraic  wpighi  :>8 
The  bl-Bulphiin-l  of  carbon  was  found  by  He tv.plius,  whu  bu  givni 
il  the  namt  of  tutfide  uirbomqw,  to  be  capable  of  uBldii|r  with  al- 
kaline nnd  earthy  baaca,  and  of  formiuK  coinpfiiiods  which  tnaj  he 
called  Carbo-svifhnrtlg,  or  as  he  has  recently  termed  ihem.  (Anfc. 
de  Ch.  ct  de  Ph.  xsxii.  78,)  but  perhaps  less  propcHy,  Sulj^tt-tm- 
bonates.  They  are  with  difficulty  obtained  pure,  on  account  of  the 
feeble  attraction  which  the  carburet  of  sulphur  has  for  baics.  Wbai 
those  with  bases  of  the  fixed  alkalies  are  strongly  hc»ied  in  a  dry 
stale,  they  are  decomposed,  charcoal  is  Beparated,  and  a  itilpliBret 
with  excess  of  sulphur  of  the  respective  metals  rcmaiti*.  E»en  the 
temiieraturc,  necessary  for  desiccation,  decomposes  the  ur^jier 
number,  and  with  phenomena  difl'crinR  with  the  degree  of  aitntc- 
tion  of  the  metallic  base  for  oxygen.  The  colour  of  the  eight  alka- 
line  ones,  when  in  solution,  is  deep  orangej  their  taste  liep«(ic  and 
a  little  acrid,  like  that  of  pepper.  Mixed  in  a  solid  state  wilb  an 
acid,  the  muriatic  for  instance,  they  give  the  oily  red  liquid  discovet^ 
cd  by  Zeise. 

By  the  action  of  a  mixture  of  fuming  muriatic  acid  on  bi-salpbu- 

rel  of  carbon,  Berzelius  obtained  a  solid  while  crystalline  bodji,  r«- 

eembling  camphor,  and  possessing  some  remarkable  propMtiefc 

Its  analysis  afforded  "  '' 

Muriatic  acid      .     -    -     -    48.74 

Sulphurous  acid       -     -     -     29.63 

Carbonic  acid  (and  loss)  .-     31.63 

100. 
These  proportions  agree  best  with  two  atoms  of  muriatic  acid, 
one  of  sulphurous  acid,  and  one  of  carbonic  acid. 

New  Jcid  (Ike  Hydroxanlhic,  or  Carbo-sufykuric)  produced  by  the 
Action  of  Alkalies  on  Bi-suJphurcl  of  Carbon. 

When  bi-sulphuret  of  carbon  is  gradually  added  to  a  solution  of 
pure  potassa,  in  alcohol  s=  96  or  98  per  cent,  pure,  and  the  mixiurt 
is  agitaled,  the  alkali  is  completely  neutralized  by  the  furmationof 
a  new  acid.  This  new  acid  contains  sulphur,  carbon,  and  hydrogen, 
the  two  first  of  which  probably  form  a  compound  base,  analo^u^ 
to  cyanogen,  and,  like  it,  acidifiable  by  hydrogen.  To  the  base, 
M.  Zeise,  Professor  of  Chemistry  at  Copenhagen,  who  first  notic- 
ed these  facts,  has  given  the  name  of  xanlhogene  (from  E(ud«(.  yel- 
low, and  yitmu,  to  generale),  on  account  of  the  yellow  colour  of  its 
compounds;  and  to  the  acid,  that  oi hydrojianlbic  acid. 

The  neutral  solution,  obtained  in  llie  above  manner,  may  be  made 
to  deposit  crystals  by  lowering  its  temperature  to  the  freez.ing  point, 
or  by  exposing  it  under  an  exhausted  receiver  along  with  sulphuric 
Kid.    These  crystals  arc  the  ht/droranihatr  of  polMsa.     Tbey  are 
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needle-shaped;  without  colour,  except  after  exposure  to  the  air, 
which  renders  theni  yellow ;  have  a  peculiar  odour ;  a  taste  at  first 
cooling,  and  then  sharp  and  sulphurous;  are  extremely  soluble  in 
water,  though  not  deliquescent ;  in  a  less  degree  in  ether ;  and  not 
at  all  in  naphtha.  The  watery  solution  becomes  milky  when  expos- 
ed to  the  air*  and  soon  manifests  an  excess  of  alkali.  Sulphuric  or 
muriatic  acid,  diluted  with  four  or  five  parts  of  water,  and  added 
in  due  quantity  to  the  watery  solution,  occasions  no  effervescence, 
but  causes  the  separation  of  an  oily-looking  fluid  heavier  than  wa- 
ter. This  is  the  hydroxunthic  add. 

Solution  of  baryta  in  water  or  in  acids,  muriate  of  lime,  and  sul- 
phates of  magnesia  or  alumina,  do  not  affect  the  hydroxanthate  of 
potassa ;  but  several  metallic  salts  occasion  precipitates  which  are 
compounds  not  of  the  metallic  oxides  with  the  new  acids,  but  of 
the  metals  with  xanthogen.  Hence  M.  Zcise  proposes  to  call  them 
xanihurea  ;  but  it  is  more  consistent  with  the  nomenclature  follow- 
ed in  this  work  to  term  them  xanthides^  analogous  to  chioridesy  cy- 
miidesj  Sec.  Several  of  these  xanthides  he  has  described  in  his  me- 
moir. 

The  hydroxanthate  of  potassa  is  decomposed  when  distilled  per  se^ 
'  and  yields  an  oily  fluid,  with  a  gas  which  has  the  smell  of  onions, 
but  in  \\hich  nothing  could  be  discovered  but  carbonic  acid  and 
sulphureted  hydrogen.  At  a  red  heat,  in  the  open  air,  it  takes  fire, 
and  is  consumed  trancjuilly  with  a  liluish  flame,  but  in  the  flame  of 
a  candle  it  burns  actively,  emitting  bright  sparks. 

Ilydroxanthates  of  soda  and  ammonia  may  be  prepared  with  alco- 
holic solutions  of  those  alkalies  and  bi-sulphuret  of  carbon ;  those  of 
baryta  and  lime  with  hydroxanthic  acid  and  their  respective  car- 
bonates. The  salt,  with  base  of  soda,  is  a  little  deliquescent. 

Hydroxanthic  acid,  separated  by  more  powerful  acids  from  its 
saline  compounds,  with  some  preciuitions  which  M./eise  has  point- 
ed out,  is  liciuid  at  common  temperatures,  and  even  below  them ; 
it  has  the  aspect  of  a  transparent  colourless  oil;  in  sprcific  gravity 
it  exceeds  water  ;  and  it  is  not  miscible  with  that  fluid.  Exposed 
to  the  air,  it  soon  becomes  covered  with  a  white  opaque  crust.  Its 
smell  is  powerful  and  peculiar.  It  has  a  taste  at  first  arid,  then  as- 
tringent and  bitter;  litmus  paper  is  completely  reddened  by  it,  but 
^  part  of  the  paper  soon  changes  to  a  yellowish  white.  It  is  inflam- 
mable, and  burns  with  a  smell  of  sulphurous  acid.  A  temperature 
below  :21£°  decomposes  it  into  bi-sulphurct  of  carbon  and  a  com- 
bustible gas.  When  much  divided  by  agitation  with  water,  it  is 
decomposed  in  a  short  time,  giving  out  bubbles  of  gas.  It  expels 
carbonic  acid  from  alkaline  carbonates.  The  oxides  of  common 
metals  (copper,  lead,  mercury,  Sec.)  decompose  it  by  giving  up 
their  oxygen  to  the  hydrogen  of  the  acid,  and  the  xanthogene  unites 
with  the  metal,  forming  xarilhidcs. 

The  presence  of  hydrogen  in  hydroxanthic  acid  was  established 
by  the  results  of  acting  upon  it  with  iodine,  which  occasioned  a 
distinct  production  of  hydriodic  acid,  a  compound  of  iodine  and 
hydrogen.  (Ann.  de  Chim.  et  de  l^hys.  xxi.  1(jU,  and  Ann.  of  Phil. 
N.  S.  iv.  341.) 


Action  ofJtmmoma  on  Bi-xulphurH  of  Carbon  diitoloffl  in  .itrohoL 

Thi;  uclion  of  ammonU  on  the  alcoholic  ttolulion  of  bi-tulphnm 
of  curbon  is  very  differenl  from  that  of  poiassa.  No  hjrdnaafilkAte 
in  formed;  but  at  least  two  new  lalts  arc  produced,  theoneeoniuB- 
ing  s  new  acid,  which  may  be  considered  as  a  compoaiid  oFmlpho- 
cyanic  acid  and  sulphurcttd  hydrogen;  the  other  as  conuiulng  a 
double  sulphuret  of  hydrogen  and  carbon.  By  thlsi  uUloiU  tb«  am- 
monia and  tbe  bi-sulphuret  both  undergo  decomposidon. 

When  a  mixture  of  15  to  irmeaaures  of  bi-sulphurct  of  c«rbM, 
45  of  alcohol,  and  tOO  of  alcohol  saturated  with  ammonii^  art  tiilt 
into  a  flask  which  they  nearly  fill,  and  which  is  ihen  closed  witii  a 
glass  stopper,  the  mixture,  left  at  a  temperature  from  53°  to  37°  F, 
inaboui  ten  minutes  becomes  yellow,  and  in  about  2(1  minutt'tbrDirB. 
Shortly  after,  a  great  number  of  small  feathery  cryilal*  are  |)U- 
ccived,  the  greater  part  of  which  fall  to  the  bottom  of  (he  veuri. 
A  flocculcnt  matter  also  attaches  itself  to  the  stopper,  and  to  ibr 
parts  of  the  jtlass  which  are  not  covered  with  liquid,  of  the  aamc 
nature  as  the  crystals.  This  goes  on  fon  about  an  lioar  or  an  ho«r 
and  a  half,  after  which  a  crystallization  of  another  kind  ti«gltu;  the 
crystals  arc  more  distinctly  grouped,  often  in  stars,  have  more  bril- 
liancy,  and  a  distinct  prismatic  form  -,  they  continue  to  he  deposited 
during  30  or  40  hours,  and  to  increase  in  size,  sometimes  to  thai 
of  hair  an  inch.  At  the  same  time  the  first  rrop  of  cr>-5Uh  dimi- 
nishes in  quantity,  and  sometimes  almost  disappears. 

The  salt  Rrst  deposited  is  a  double  sulphuret  of  carbon  and  hy- 
drogen united  with  ammonia.  It  wascalled  the  reddening  iait,trora 
itsproperty  of  becoming  speedily  red  by  contact  with  the  air,  chiefly 
from  the  absorption  of  moisture.  This  change  takes  place  with 
Buch  facility,  that  it  is  scarcely  possible  to  obtain  it  otherwise  than 
red,  unless  the  alcohol  be  removed  by  washing  it  with  ether,  and 
then  by  compression  in  bibulous  paper,  it  may  be  dried,  and  will 
bear  exposure  to  the  air  for  five  or  six  minutes  without  alteration. 
It  dissolves  entirely  and  readily  in  water,  producing  a  brown-red 
solution,  from  which  sulphuric  or  muriatic  acid  liberates  sulphu- 
reted  hydrogen.  This  solution  gives  a  red  precipitate  with  salts  of 
lead,  brown  with  salts  of  copper,  and  yellow  with  those  of  mercury.- 
AH  these  precipitates  change  gradually,  even  when  secluded  fircni 
air;  sulphuret  of  carbon  separating,  and  a  metallic  sulphuret  beisg 
lefL 

The  second  set  of  crystals  may  be  obtained  apart  from  the  first. 
by  pouring  off  the  liquid  as  soon  is  they  begin  to  appear,  which  is 
generally  in  about  two  hours;  filtering  it  rapidly  through  paper 
moistened  with  ukohol;  and  leaving  it  in  a  closed  wide-mouthed 
flask  for  ten  hours,  at  a  temperature  of  50°  Fahr.  In  30  hours,  the 
liquor  may  be  decanted,  the  crystals  washed  with  a  small  quantity 
of  alcohol,  and  the  salt  compressed  strongly  between  folds  of  paper. 
If  intended  to  be  preserved,  it  may  be  dried  by  keeping  it,  along 
with  sulphuric  acid,  in  vacuo.  It  is  nearly  without  odour,  unless  it 
has  been  exposed  to  a  damp  atmosphere;  dissolves  abundftnlly  in 
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water,  but  less  readily  in  alcohol ;  its  soludon  effervesces  with  those 
acids  only  which  decompose  it,  such  as  the  nitric ;  it  is  not  preci- 
pitated by  salts  with  base  of  lime  or  baryta,  but  is  precipitated  of 
various  colours  by  metallic  salts.  Solution  of  potassa,  heated  with 
the  yellow  precipitate  thrown  down  by  pcr-salts  of  copper,  is  neu- 
tralizedy  and  the  hydro-sulphocyanate  of  potassa  of  Porrctt  is  ob- 
tained. From  the  analysis  of  this  yellow  precipitate,  M.  Zeise  in- 
fers the  ammoniacal  salt,  to  which  he  gives  the  name  of  Hydra- 
ni^hur^ed  Sjfdro-ni^hoeyanate  of  ^rmnonia^  to  consist  of  one  atom 
of  ammonia,  one  atom  of  hydro-sulphocyanic  acid,  with  two  atoms 
of  hydrogen  and  one  of  sulphur. 

By  the  action  of  persulphate  or  permuriate  of  iron,  added  in  small 
portions  to  a  very  dilute  solution  of  the  ammoniacal  salt  acidulated 
with  muriatic  acid,  a  snow  white  crystalline  solid  is  obtained  in 
the  form  of  shining  scales,  having  scarcely  any  odour,  and  not  chang- 
ing remarkably  by  contact  with  air.  This  appears  to  be  a  cryital- 
lized  hydro9t*tpliurei  of  cyanogen^  and  is  probably  a  compound  of  1 
atom  of  nitrogen,  2  of  carbon,  4  of  sulphur,  and  4  of  hydrogen. 

The  above  is  but  an  imperfect  outline  of  the  facts  stulod  l)y  M. 
Zeise,  which,  as  well  as  the  general  reasoning  arising  out  (jf  them, 
though  important  and  ingenious,  arc  not  very  susceptible  of  abridg- 
ment. I  refer  the  reader,  therefore,  to  the  original  nieni(iirs  in  the 
Ann.  de  Chim.  et  de  Phys.  xxvi.  66,  113 ;  and  to  an  abstract  in  the 
Quart.  Journ.  xviii.  149. 

Sidphurtt  of  Sdenittnu 

One  part  of  selenium,  melted  with  100  parts  of  sulphur,  imparts 
to  the  sulphur  a  dirty  yellow  colour;  but  the  only  method  of  obtain- 
ing a  sulphuret  of  selenium  of  determinate  composition  is  to  preci- 
pitate a  solution  of  selenic  acid  b|  sulphureted  hydrogen  gas,  and 
to  wash  the  precipitate  with  a  little  muriatic  acid.  A  deep  orange 
coloured  compound  is  formed,  in  which  100  parts  by  weight  of  se- 
lenium are  united  with  60.75  sulphur.  It  is  attacked  with  difficulty 
by  nitric  acid,  but  more  readily  by  nitro-niuriatic.  It  is  soluble  in 
the  fixed  caustic  alkalies,  as  well  as  in  alkaline  hydrosulphurcts,  and 
gives  a  solution  of  a  deep  orange  colour.  When  heated  in  the  air, 
it  bums  at  first  with  the  odour  of  sulphurous  acid,  and  then  with 
that  of  horse-radish.  (Berzelius,  Ann.  of  Phil.  xlv.  102.) 

Sulphuret  of  Bororu 

This  compound  has  been  described  by  Berzelius,  whose  account 
of  it  may  be  found  in  the  10th  vol.  Sd  series,  of  Ann.  of  Phil.  p. 
129. 

Suiphufei  of  Cyanogeru 

This  compound  was  first  formed  by  Lassaigne.  Into  a  small  glass* 
balloon,  he  puts  a  little  cyanide  of  mercury  finely  pulverized,  and 
|)ours  ujMU  It  half  its  weight  of  bi-chloridc  of  sulphur.    At  the  end 
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4UB  or  aOMvouav  acidifiable  dobiks- 

of  14  or  ir>  ildya  of  exposure  to  (liiy^Uglit,  titc  balloon  being  dmcd 
Ml  an  ti)  exclude  sir,  a  mmutt:  (juuntily  of  cryal&ls  rise  to  the  upper 
part  of  [hi--  balloon.  Thi-si;  crysule  have  a  pcnciratiDR  oiluur,  and 
when  applkil  li>  llic  [oiiguc.  give  Uic  scnsntion  of  a  prick  fran  ■ 
»|]iu-p  point, tlic  part  rcmuiiiinsruroometiuw  red  aDdpainful.  Tbey 
dissolre  in  vatcr,  but  more  ubundaniiy  k  3lcobol;tlw  fanner  «o- 
lution  redilena  litmus  pii.per,  the  laUcr  not,  Like  the  «itph»<jiiuc 
acid  of  Porrclt,  which  may  poHibly  bnitlcnttcia  with 0»U  iwwcotn- 
pound,  the  lutlei'  form*  cr'imKon  coloured  salu  witb  pcr^&idi:  of 
iron.  In  a  pure  stale,  tl  forms  crystalluic  plalcx,  not  unlike  tboit 
of  chlorate  of  potassa.  It  sublimes  at  common  icniperatures.  By 
exposure,  during  jioni«  weeks,  to  light,  it  becomea,  first  ycllow,aiul 
then  or&ng«-i  retainin|{  itn  chemical  properties.  ( iaivanic  electnciiy 
dccomposeK  it,  the  cyanogen  being  attntcte<l  by  tlit-  negative,  and 
Uie  sulphur  by  the  positive  pole.  Its  pruliaMe  consitituttcm  is  I  aton 
of  sulphur  +  2  atoms  or  cyanogen ;  but  this  requires  vcriBcalioB 
by  future  experiments.    (Ann.  dc  Chim.  ct  dc  Fb-  OcU  IBZli.) 


CHAPTER  IX. 


Of  the  General  Properlics  of  MelaU. 

TnK.  metals  constitute  a  class  of  bodies,  which  arc  not  more  in- 
teresting from  their  application  to  the  common  arts  of  life,  than 
from  the  facts  which  they  contribute  to  establish  the  gttvcral  prin- 
ciples oF  chemical  science.  Only  seven  or  eight  were  known  to  ihc 
ancients;  but  within  the  last  century,  the  class  has  been  increased 
to  more  than  five  times  that  number.  The  following  appear  to  have 
a  sufficient  claim  to  be  considered  as  distinct  metals. 


l.flold     .    . 

2.  Silver  -     - 

3.  Iron     -     - 

4.  Copper     - 

■5.  Mercury  - 

6.  Lead     -      - 

r.  Ti«     - 

8.  Zinc   -     . 

9.  Bismuth 

10.  Antimony 

n.  Arsenic  - 

12.  Cobalt     - 

JvKnown  since  the  remotest  antiquity. 


Known  to  Paracelsus,  who  died     -     -     1541 

Described  by  Agricola 1320 

Described  by  llasil  Valentine,  ISth  century. 
?  Brandt ITSJ 
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NftiBft  of  Mctahi  DiMOTcrrd  by  DMCi 

13.  Platinum      -  -  Wood,  Assay  Master,  Jamaica     -    -  1741 

14.  Nickel    -    -  -  Cronstedt 1751 

15.  Manganese  -  -  Gahn  and  Schecle  -------  1774 

la  Tungsten     -  -  M.  M.  Delhuyart 1781 

17.  Tellurium   -  -  Mullcr 1782 

18.  Molybdenum  -  Ditto  and  Hielm 1782 

19.  Titanium     -  -  Gregor 1781 

2a  Uranium     -  -  Klaproth 1789 

21.  Chromium  -     -     Vauquelin 1797 

22.  Columbium      -     Hatcheit 1802 

23.  Palladium    -       >  ^^  Wollaston 1803 

24.  Rhodium  -       ^ 

25.  Iridium   -    -    -     Dcscostils  and  Tcnnant 1803 

26.  Osmium      -     -     Tcnnant 1803 

27.  Cerium   -    -    -     Hisinger  and  Berzclius 1804 

28.  Potassium  - 

29.  Sodium    -  - 

30.  Buriiim   -     -       J>Sir  H.  Davy 1807 

31.  Strontium  - 

32.  Cah:iuin  -      _ 

33.  Liihium       -     -^  Arfwedson 1818 

34.  Maj^ni-'sium       -     Sir  II.  Davy 1807 

35.  Cadmium     -     -     Stromeycr 1818 

S6,  Aluminum  -       1 

37.  Glucinum    -       IWohlcr 1828 

38.  Yttrium  -    -      J 

Silicium,  generally  classed  among  metals,  it  will  afterwards  ap- 
pear, has  but  a  doubtful  claim  to  be  placed  among  metals,  and  is  by 
many  chemists  considered  to  belong  to  another  class  of  substances. 

Of  a  class  comprehending  so  many  individuals,  it  is  not  easy  to 
offer  a  general  description ;  but  it  will  be  found  that  the  metals  arc 
all  characterized  by  one  or  more  of  the  following  properties. 

1.  With  the  exception  of  the  newly  discovered  bases  of  the  alka- 
lies and  earths,  they  arc  distinguished  by  a  high  degree  of  specific 
gravity,  the  lightest  of  the  other  metals  (tellurium)  lieing  considera- 
bly heavier  than  the  most  ponderous  of  the  earths.  I  omit  the 
Table  of  Specific  Ciravities  of  Metals,  given  in  the  former  editions 
of  this  \vork,  because  the  sp.  gr.  of  each  metal  is  stated  under  its 
particular  history,  besides  being  included  in  the  Table  at  the  end 
of  vol.  ii. 

The  metals  are,  perhaps,  the  only  solid  bodi(is,  whose  specific 
gravity  is  affected  by  mechanical  means,  or,  in  other  words,  whose 
particles  can  be  brought  permanently  into  a  state  of  nearer  approxi-. 
mation  by  pressure.  In  conse<)uence  of  this  property,  several  of 
the  metals  undergo  material  changes  in  their  specific  gravity,  by 
the  mechanical  operations  of  rolling,  hammering.  Sec.  It  may  l>e 
questioned,  whether  the  metals  arc  heavier  than  other  bodies,  in 
conse(|uence  of  the  greater  specific  gravity  of  their  individual 
atoms,  or  from  a  greater  number  of  atoms  being  aggregated  into 
a  given  vohimc.  The  former,  however,  is  most  probably  the  true 
Vol.  I.  3  V 
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r«uaon.  lliough  it  munt  be  ack  now  led  Bed  that  their  nicufic  gmvitf 
18  Ijy  HO  mentis  exitclljf  proportlurial  to  the  weight*  of  thdr  uom. 

3.  They  art  opaque,  at  least  in  the  (talc  in  which  they  [^t^ttnMf 
occur  10  our  ultscrvaiion.  tioM,  however,  beat  into  leave*  vr^nt^ 
of  an  inch  in  Ihickursx,  tntnamlts  a  faint  grccninh  light,  wltn  hd^ 
bciwiM-n  the  eye  and  iht  direct  rays  of  the  «un. 

S.  They  possess  vsrious  degrees  of  luMre,  wliich  uiarwiJKciillar 
a.  kind,  that  it  has  been  termed  by  mlneralogiata  the  aUtiiKc  butn, 
&tid  referred  to  as  a  known  standard  in  the  descripdon  of  other 
minerals.  Some  of  the  metals  possess  this  property  In  »o  remvfc- 
able  a  degree,  as  to  be  applicable  to  highly  oraanienlal  p4irp<Ms. 
Polished  steel  takes  place  of  all  the  mdala  in  the  perfection  of  i» 
lustre  i  but  some  of  the  class  (as  cobalt  and  nickel)  appear  lo  be 
susceptible  of  it  in  only  a  small  degree. 

4.  The  metals  arc  excellent  r^tfion^  not  only  of  light  but  of  e»- 
loric :  and  hence  they  are  the  best  materials  for  the  comptMlttoa  of 
burning  mirrors.  From  the  cspcrimenis  of  Mr.  I^eslic,  ibey  ap- 
peur  lo  possess  this  property  in  ihc  following  order,  ibc  bighot 
number  denoting  the  greatest  reflecting  power. 

-Brass 100 

Silver W» 

'iinfoil 8S 

Planished  block  tin       •    •    •     80 

Steel 70 

I^ad 60 

Tinfoil  boflcncd  by  mercury  -  50 
III  general  the  reflecting  power  was  found,  by  Mr.  Leslie,  to  'h: 
proportionate  to  the  degree  of  palish,  and  to  be  impaired  by  every 
thing  that  diminished  this  ([Uality.  A  tin  reflector,  for  example, 
had  its  reflecting  power  diminiihcd  nine-tenths  by  being  rubbed 
■with  sand -paper. 

5.  Metallic  bodies  are,  of  all  others,  the  best  conductors  of  elec- 
tricity. Their  conducting  power,  Uecijucrel  finds,  increases  with 
their  mass,  and  not  with  their  surface;  consequently  the  electric 
fluid,  when  in  motion,  is  not  merely  carried  over  the  surface,  but 
penetrates  the  interior,  lleprcsenliiig  by  100  the  conducting  power 
of  copper,  he  has  given  from  experiment,  that  of  len  of  the  prin- 
cipal meials  in  the  following  Tabic.  (Ann,  dc  Ch.  et  de  Ph.  xuii. 
428.)  \ 

Table  of  tht  Conducting  Poiren  of  the  Melali  for  Ekctncity. 

Uopper 1(KI.U 

Clold 93.ti0 

Silver r3.G0 

Zinc      .......  28.5U 

Tin 15.50 

Platinum I6.-10 

Iron       15.80 

I..                            Lead fi.30 

Mercury 3.-15 

I'oussium l.-j-j 
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When  the  quantity  of  mclals  is  g^at  cnoug;h  to  convey  away  the 
electricity  which  seeks  a  passage,  no  change  is  produced  in  them; 
but  when  insufiicient,  as  in  very  fine  wires,  the  electric  fluid  heats 
them,  and  sometimes  fuses  and  even  volatilizes  them.  In  this  state 
of  vapour,  they  burn  mon*  or  less  vividly,  and  with  difTerently  co- 
loured flames;  zinc  with  a  white  flame  mixed  with  blue  and  red; 
tin«  bluish  white;  lead,  bluish  or  purple;  and  silver,  green. 

Their  properties  as  electro-motors  have  already  been  described  in 
the  chapter  on  the  chemical  agencies  of  electricity  and  galvanism. 

fi.  The  metals  are  excellent  comluctors  of  caloric.  The  degrees,  in 
which  dlflerent  metals  possess  this  property,  arc  exhibited  in  a 
Table  in  the  chapter  on  caloric. 

7.  The  metals  are  Mftmblv^  providcil  a  due  degree  of  heat  be  ap- 
plied, which,  for  some,  is  very  moderate,  and  for  others  extremely 
intense.  Mercury  is  the  only  metal  that  exists  constantly  in  a  fluid 
state  at  the  temperature  of  our  climate.  Potassium,  sodium,  tin, 
bismuth,  lead,  tellurium,  arsenic,  zinc,  antimony,  and  cadmium,  all 
melt  at  a  temperature  below  that  of  visible  redness,  and  in  the  order 
set  down,  the  most  fusible  being  placed  first.  Silver,  copper,  gold, 
cobalt,  iron,  manganese,  nickel,  and  palladium,  all  recpiire  a  red 
heat.  Molybdenum,  uranium,  tungsten,  and  chromium,  arc  almost 
infusible,  and  cannot  be  obtained  by  the  heat  of  a  forge  in  compact 
masses,  but  fuse  under  the  oxygen  and  hydrogen  blow-pipe.  Tita- 
nium, cerium,  osmium,  iridium,  rhodium,  platinum,  and  colum- 
bium,  are  infusible  by  the  forge,  but  yield  to  the  powers  of  the  oxy- 
gen and  hydrogen  blow-pipe. 

8.  One  of  the  most  useful  properties  of  the  metals  is  their  tnal- 
hahility^  or  capacity  of  being  extended  by  the  blows  of  a  hammer. 
In  this  quality,  gold  takes  place  of  all  the  rest.  The  gold  leaf, 
which  is  sold  in  books,  is  so  extremely  thin,  that  less  than  five 
grains  cover  a  surface  of  about  2724  square  inches;  and  the  thick- 
ness of  each  leaf  does  not  exceed  j^tAstj^^*  P^*'^  of  an  inch.  All  thr 
metals,  however,  are  not  malleable,  (iold,  plaliriuin,  silver,  palla- 
dium, mercury  in  its  frozen  slate,  copper,  iron,  li'ud^tin,  zinc,  and 
nickel,  (the  last  on  the  authority  of  Hicbter, )  arc  the  only  ones  to 
which  this  property  belongs.  The  rest,  on  account  of  their  brittle- 
ness,  were  formerly  called  seim-metah.  Hut  since,  even  in  these, 
a  diminishing  progression  of  malleability  may  be  observed,  the  dis- 
tinction, though  retained  in  common  language,  is  very  properly 
rejected  from  chemical  and  mineralogical  systems. 

0.  All  the  metals  that  have  been  described  as  malleable  (with 
the  exception,  perhaps,  of  nickel,)  are  also  ductile^  or  may  be  lorm- 
cd  into  wire.  Iron,  though  so  hard  a  metal,  may  l>e  drawn  into 
wire  not  thicker  than  a  human  hair.  A  grain  of  gold,  it  has  been 
asserted  by  Hoerrhaave,  has  been  extended  into  wire  of  the  length 
of  .^(M)  feel ;  but  even  this  has  been  surpassed  by  Dr.  Wollaston ; 
for,  by  surrounding  the  gold  with  silver,  he  has  been  able  to  i-xteiul 
it,  so  that  700  feet  weighed  only  1  grain,  which  gives  a  thickness 
of  only  -ji;j[o-7  of  an  inch.  The  coating  of  silver  was  afterwards 
removed  by  nitric  acid,  which  has  no  action  on  gold.  Silver  too 
is  extremely  ductile;  so  also  arc  platinum,  iron,  copper,  zinc,  tin. 
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lead,  nickel,  palladium,  and  cadmium,  in  the  order  set  down  j  ud 
this  property  belongs  to  even  some  of  the  compound  met^ai,  taf^ 
cially  to  brass,  which  may  be  drawn  into  wire  of  i^at  fincncu.  Il 
may  be  observed,  however,  ihut  the  moBi  ductile  mctala  arc  Kit 
always  the  moat  malleable ;  iron,  for  instance,  though  cxtrvcndT 
ductile,  cannot  be  beaten  into  very  thin  laminx. 

10.  Wires  of  the  same  diameter,  but  of  ilifTerent  metala,  am 
found  to  be  capable  of  sustaining  very  different  weights.  This 
arises  from  their  variable  fenadry,  which  is  estimated  by  gradually 
adding  weights  till  the  wire  is  broken.  From  the  experimcnta  of 
Guyton  Morvcau,  the  following  are  the  utmost  weif-hta,  which 
wires  of  0, 78r  of  an  English  line  in  diameter  caji  support  wilkwt 
breaking,     [71  Anu.de  Chim.  1B2.) 

A  wire  of  iron         supports  549.3M 

copper    S02.!:!rS 

'  platinum ■  2"4.3!W 

silver       187.137 

gold         150.75S 

zinc         109.540 

34.630 


-lead         27.621 


The  tenacity  of  tin  is  greatly  inferior  to  that  of  ^Id;  and  lead 
has  still  less  tenacity  than  tin,  and  even  than  some  sorts  of  wood. 

11.  Some  of  the  malleable  and  ductile  metals  have,  also,  a  high 
degree  of  elasticity.  This  property  fits  them  for  being  applied  to 
the  mechanical  purpose  of  springs.  Steel  and  iron  are,  in  this  re- 
spect, superior  to  all  other  metals.  Upon  the  properties  of  elasti- 
city and  hardness  appear  also  to  depend  that  ol  fitnts*  Jot  exnling 
sound;  for  whatever  renders  metals  harder  and  more  elastic,  increas- 
es also  their  sonorousness.  Thus  belt  metal  is  more  remarkable 
for  those  properties,  than  either  tin  or  copper,  which  are  its  con- 
.stituents. 

12.  The  structure  or  texture  of  several  of  the  metals  appears  lo 
be  crystalline.  That  of  iron,  developetl  by  the  action  of  solvents, 
has  been  shown  by  Mr.  Uaniel  to  be  fibrous.  Bismuth  and  anti- 
mony have  a  lamellated  texture  ;  nickel  presents  a  fracture  betVCcn 
iibi-ous  and  foliated  ;  and  steel  is  granular.  Several  of  the  mttlab, 
when  melted  and  cooled  under  favourable  circumstances  form  re- 
gular crystals.  Thus  bismuth,  melted  in  a  crucible,  and  suffered 
lo  cool,  becomes  covered  with  a  solid  crust,  and  when  this  is  pierc- 
ed, and  the  fluid  beneath  allowed  to  flow  out,  the  cavity  is  found 
studded  with  beautifully  regular  cubic  crystals.  Arsenic  crystalli- 
zes in  regular  tetrahedrons,  and  titanium  in  long  filamentous  prisms. 

Deside  the  circumstances  of  agreement  in  their  physical  quali- 
ties, which  have  been  enumerated,  the  metals  resemble  each  other, 
also,  in  their  chemical  properties.  Some  of  these  resemblances  it 
may  be  proper  to  state,  for  the  purpose  of  avoiding  unnecessary 
rep«iiiion3, 
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The  metals,  so  far  as  we  know  at  present,  arc  simple  or  element- 
ary bodies,  and  are  incapable  of  being  conyertcd  into  each  other. 
They  were  formerly,  indeed,  considered,  but  on  very  insufficient 
evidence,  to  be  composed  x)f  a  combustible  base,  peculiar  to  each 
metal,  united  with  a  p^eneral  principle  of  inflammability,  which  re- 
ceived the  name  oi  plUogiston*  When  the  metals  arc  exposed  to  a 
strong  heat,  the  first  change  which  is  produced  in  them  is  that  they 
melt,  or  run  into  fusion.  This  effect  takes  place,  in  the  different 
metals,  at  very  different  temperatures.  Some  of  them  may  be  made 
to  boil,  and  are  actually  converted  into  vapour,  at  a  heat  consider- 
ably below  redness;  while  others  require  a  very  intense  heat  for 
their  fusion.  By  a  sufficient  elevation  of  temperature,  it  is  pro- 
bable, however,  that  they  would  all  be  volatilized;  for  platinum 
itself,  which  does  not  melt  at  a  less  heat  than  170*^  of  Wedgwood, 
has  been  obser>'ed  to  boil,  when  placed  in  the  focus  of  a  powerful 
burning  lens.  (Ann.  de  Chim.  Ixix.  9^)  In  some  of  the  metals, 
no  farther  change  is  produced  by  the  application  of  heat  with  the 
free  access  of  air;  and  they  return,  on  cooling,  to  their  former  con- 
dition. But  otiier  metuls  undergo  a  very  remarkable  change,  ac- 
companied, in  some  cases,  with  all  the  appearances  of  vivid  com- 
bustion ;  in  others,  by  no  striking  phenomena,  and  evinced  only  by 
the  nature  of  the  product.  Their  cohesion,  lustre,  malleability, 
tenacity,  and  all  the  properties  that  have  been  described  as  charac- 
teristic of  them,  arc  destroyed.  Though  their  absolute  weight  is  in- 
creased, yet  thtjy  become  specificaUif  lighter,  and  they  are  distin- 
guished by  a  new  train  of  properties  which  were  not  observed  in 
the  metals  themselves. 

These,  changes  have  been  very  differently  explained,  at  different 
periods  in  the  history  of  chemical  science.  On  the  theory  of  phlo- 
giston, they  were  accounted  for  by  assuming  that  the  metals,  dur- 
ing the  process  of  exposure  to  air  at  a  high  temperature,  abandon 
their  phlogiston,  which,  it  was  supposed,  unites  with  the  air,  and 
plUoc^stirnteH  it,  thereby  rendering  it  unfit  for  supporting  the  com- 
bustion of  other  inflammable  bodies.  The  hypothesis,  however, 
could  no  longer  be  maintained,  when  it  was  proved  that  the  metals, 
so  fur  from  losing  weight,  l>ecome  heavier  by  calcination. 

The  theory,  wlhich  is  now  almost  universally  admitted,  as  best 
explaining  the  phenomena  in  question,  though  suggested  by  the 
hints  furnished  by  preceding  discoveries,  was  first  reduced  to  a  sys- 
tematic and  consistent  form  by  Lavoisier.  The  metals,  according 
to  the  views  of  that  philosopher,  are  simple  bodies,  and  undergo 
the  changes  that  have  already  been  described,  in  consequence  of 
the  absorption  of  oxygen  from  the  air.  Hence,  while  the  metallic 
lK>dy  becomes  heavier,  the  air,  in  which  the  process  is  performed, 
should  sustain  a  proportional  diminution  of  weight.  That  this  is 
the  fact  admits  ot  being  demonstrated,  and  still  more  readily  and 
satisfactorily,  if  we  employ  oxygen  gas  instead  of  common  air. 
A  certain  quantity  of  oxygen  gas  (or  the  whole  indeed,  under  fa- 
vourable circumstances)  disappears;  and  the  increase  of  weight  in 
^he  metal  is  found,  on  examination,  to  be  precisely  equivalent  to 
'.'lat  of  the  gas  which  has  been  condensed.    In  some  cases,  we  can 
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even  E(i  farther,  and  scpai-atc  the  oxygen  from  the  mctBl  by  ihe 
mere  application  of  heat,  the  oxygen  bcinc  recovered  in  the  «iaie 
of  gas,  nnd  the  mr.tnl  rettirain^  to  a  roelallic  fonru  More  «all>ric- 
tory  CTidcncc  than  this  coslil  scarcely  be- required,  of  the  niinre  of 
the  chMiKC  which  takes  pfacc  diirinc;  calcination;  anfl  it  may  he 
admitted,  thrrt-rm^ns  an  established  truth,  that  metals  Ittse  their 
metallic  propcrlidphi  consequence  of  their  combination  with  lay- 
gen.  The  process  has  been  called  by  Lavoisier  oxidation,  »nd  the 
«»ult  of  it  an  criile.  For  the  foiTner  temi,  however,  Mr.  Chere- 
nix,  intluenred  by  reasons  which  are  stated  in  his  work  on  chemi- 
ckI  nomenclature,  has  proposed  to  substitute  that  of  OTiiHzrmatt. 
In  ihe  folluwln^  pages,  1  shall  employ  both  these  expresitons  isdb- 
criminately. 

The  phenomena  and  results  of  the  oxidisement  of  melala  aR  am 
the  same  in  all  cases,  but  differ  very  couwdcrably  with  mpecilo 
diflercDt  metals. 

1.  Some  metals  are  oxidized  by  mere  rxposupc  tn  atmocplxtic 
air  ot  the  ordinary  temperature,  and  even  to  air  which  ha«  been 
deprived  of  its  hygrometric  water.  Arsenic,  manganese,  and  the 
new  metals  discovered  by  Sir  If.  Davy,  arc  perhaps  the  only  one* 
which  have  been  proved  to  possess  this  property.  Votassium,  la- 
deed,  has  been  stated  by  Thcnard  to  be  the.  only  metal  that  is  acted 
upon  by  perfectly  dry  oxygen  gas.  Olhere,  as  lead  and  copper,  are 
changed  by  the  action  of  the  air,  but  extremely  alowly,  and  not 
without  the  conjoined  operation  of  moisture. 

2.  Other  metals  absorb  oxygen  from  the  atmosphere,  but  not 
without  a  considerable  increase  of  their  temperature.  Iron,  zinc, 
copper,  till.  Sec.  when  heated  to  redness,  lose  their  metallic  lustre, 
and  are  slowly  convened  into  variously  coloured  oxides.  In  some 
instances,  the  process  is  accompanied  wiili  so  abundant  an  extrica- 
tion of  light  and  heat,  as  to  exhibit  a  vivid  inflammalion.  This 
happens  rhielly  with  some  of  the  volatile  metals.  Arsenic  and  zinc, 
for  example,  uhen  pmjecied  into  a  red-hot  cruciiile,  emit  a  bril- 
liant flame.  In  other  metals  the  process  is  unaccompanied  by  any 
remarka'jle  pliinonictia,  and  is  known  to  have  taken  place  only  by 

To  convert  the  metals  into  oxides,  there  is  a  (/*?'■"' of  heat,  which 
is  peculiar  to  each  metal,  ami  even  to  diiferent  oxides  of  the  same 
meiaL  Mercury,  for  example,  is  oxidized,  at  a  degree  of  beat 
which  produces  no  chani>;e  on  iron ;  and  lead  at  a  certain  tempera- 
ture bcc<mies  minium,  at  another  massicot. 

3.  With  the  exception  of  mercury,  the  metals,  which  have  bern 
called  perfect  (lomprehcndint;,  also,  v^o\A,  platinum,  silver,  and  pal- 
ladium.) are  not  oxiilized.  even  by  the  combined  operations  of  air 
and  of  an  increased  temperature.  Gold,  silver,  and  other  metals  of 
thi»  kind,  may  be  kept  for  many  days  in  fusion,  without  undergo- 
ing any  chauj;'-'*  That  they  have  an  affinity,  however,  for  oxygen, 
and  are  even  capable  of  taking  it  from  atmospheric  air,  is  profod 
by  the  effect  of  an  electrical  or  galvanic  battery.  IJy  the  former, 
wires  formed  of  the  perfect  meials  are,  at  the  same  moment,  dis- 
persed into  smoLc  and  oxidized  \  and,  by  trausmitiing  a  powerful 
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electric  discharge,  tlirouj^h  any  of  the  perfect  metals  beaten  into 
thin  leaves,  the  metal  bums  with  a  remarkable  degree  of  splen- 
dour. 

4.  All  metals  that  are  oxidized  by  atmospherical  air  arc  still 
more  readily  oxidized  l)y  oxygen  gas.  In  many  cases  a  metal,  which 
undergoes  this  change  slowly  and  invisibly  by  the  action  of  air, 
takes  fire  in  oxygen  gas,  and  exhibits  a  bright  inflammation.  For 
example,  it  has  already  been  shown  that  iron  wire  may  be  entirely 
and  vividly  burned  in  oxygen  gas. 

These  are  the  most  simple  cases  of  metallic  oxidizement.  In  or- 
der that  the  changes  whicli  have  been  described  may  take  place,  it 
is  nocessary  that  there  should  exist  a  stronger  affinity  between  oxy- 
gen and  the  metal  than  between  the  oxygen  and  light,  (and  perhaps 
the  electricity)  which  constitute  the  gas;  and  fusion,  and  other 
modes  of  promoting  the  oxidation  of  metals,  can  only  contribute 
to  that  effect  by  overcoming  the  cohesive  attraction  of  the  metallic 
particles.  In  certain  cases,  the  phenomena  become  more  compli- 
cated, and  the  metal  ac(|uii*es  oxygen  by  the  decomposition  of  some 
other  compound,  in  which  that  element  is  present.  Of  these  sources 
of  oxygen,  the  most  important,  if  not  the  only  ones,  are  water,  the 
acids,  and  other  oxides;  or  compounds  containing  one  or  more  of 
these  substances. 

I.  Water  gives  up  its  oxygen  to  those  metals  only,  which  mani- 
fest a  powerful  affinity  for  that  principle,  and,  generally  speaking, 
to  those  which  are  most  ctHcient  in  decomposing  atmospherical 
air.  The  metallic  l)ases  of  the  alkalies  and  earths,  with  few  excep- 
tions, decompose  it  with  a  rapidity  which  amounts  to  actual  ii^ 
llammation ;  but,  in  general,  the  action  of  metals  on  water  is  slow 
at  common  temperatures.  Iron  filings,  for  example,  when  moisten- 
ed with  water,  and  confined  in  an  inverted  jar  over  mercury,  be- 
come very  gradually  oxidized,  and  evolve  hydrogen  gas.  But  wa- 
ter, brought  into  contact  with  red-hot  iron,  is  rapidly  decomposed; 
its  oxygen  is  transferred  to  the  metal;  and  hydrogen  gas  is  disen- 
gaged in  torrents. 

Water,  it  is  observed  by  Gay  Lussac,  has  the  power  of  bringing 
all  metals,  on  which  it  is  capable  of  acting  alone,  to  the  same  de- 
cree of  oxidation  as  when  assisted  by  the  action  of  acids,  some- 
times to  a  higher  degree,  but  never  to  an  inferior  one.  Thus  wa- 
ter by  itself  oxidizes  tin  to  the  maxijuuniy  and  iron  and  potassium 
to  the  medium;  but, mingled  with  acids,  it  oxidates  iron  and  tin  to 
the  minimum  only. 

II.  All  those  acids  in  which  oxygen  has  been  proved  to  exists 
loosely  combined,  and  which  Dr.  Thomson  has  called  supporlem  oY 
combustion,  as  well  as  the  neutral  salts  containing  them,  are  ef- 
ficient means  of  oxidizing  the  metals.  In  general,  the  less  strong 
the  affinity  of  the  base  of  any  acid  for  oxygen,  the  moi*e  rapidly  is 
the  metal  oxidized.  Those  acids,  that  have  not  been  proved  to  con- 
tain oxygen,  are  remarkably  inert  in  their  action  on  metals ;  and 
the  same  inactivity  belongs  to  other  acids,  in  which  the  oxygen  and 
base  are  held  together  by  a  powerful  affinity.  Thus  concentrated 
sulphuric  acid,  at  the  temperature  of  the  atmosphere,  scarcely  at- 
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tacks  any  of  the  Tnctah;  because  the  t>xyn;n  und  sulphurt  of  wludi 
it  consists,  forcibly  attract  each  oilier.  On  the  other  Imnd,  the  d}> 
trie  acid,  in  which  there  exists  a  large  ([uantily  of  loosely  comhb- 
ect  oxygen,  readily  abanflnmn  part<^it,  nnd  acti  on  several  meUli 
with  considerable  energy. 

Some  or  the  actda,  which,  in  their  concentrated  state,  act  tbawlj 
upon  metals,  acqtt&c  the  power  of  oxidizing  tlicm  rapidly  when 
diluted  with  water.  This  is  true  of  the  sulphuric  and  muriatic 
acids,  to  either  of  which,  when  concentrated,  we  may  apply  iron  or 
sine,  with  comparatively  little  effect;  but,  on  adding  water,  hydro- 
gen gas  is  abundantly  evolved,  and  the  metal  disappear*.  Now  it 
ua  principle,  to  which  no  exception  has  yet  been  discovered,  that  a 
metal  cannot,  in  its  perfect  metallic  state,  unite  with  any  acid.  In 
order  to  he  dissolved,  it  must  first  be  brought  into  the  *t«ie  of  u 
oxide;  and,  in  the  case  which  has  been  Just  now  stated,  tto  sk^ 
stance,  capable  of  furniiihing  oxygen,  is  in  contact  with  the  iron 
except  water.  As  an  additional  proof  that  water  is,  iu  thit  initanc^ 
the  source  of  the  oxygen,  it  has  been  ascertained  that  no  portion  of 
the  acid  is  decomposed ;  but  that  the  same  quantity  of  acid  exist* 
in  combination  with  oxide  of  iron,  as  was  originaUy  subnutted  to 
experimwit. 

By  measuring,  at  a  mean  temperature  and  pressure,  the  hydro- 
gen gas  evolved  in  experiments  of  this  kind,  it  is  easy  to  calculate 
how  much  oxygen  the  raetal  has  acquired;  for  cverv  1i)0  cuUc 
inches  of  hydrogen  gaa  indiralc  the  Iranslrvfi' !■  ■■  ■  ''i-  m  lal  of 
16.93  grains  of  oxygen.  Equal  weights  of  diilei'cnt  metals  tvoPvt  dif- 
ferent quantities  of  hydrogen  gas,  in  consequence  of  their  combining 
with  different  quantities  of  oxygen,  and  to  obtain  the  same  volume 
of  hydrogen  gas  by  the  solution  of  different  metals,  we  must  of 
course  use  different  quantities  of  those  metals.  Thus  2%  grains  of 
iron,  58  of  tin,  44  of  antimony,  and  34  of  zinc,  when  dissolved  by 
dilute  muriatic  acid,  each  evolve  4T.S.  cubic  inches  of  hydrogen, 
equal  to  as  ne.irly  as  possible  1  grain.  And,  as  in  water  hydrogen 
is  combined  with  eight  limes  its  weight  of  oxygen,  8  grains  of  ox- 
ygen must  have  united  with  each  of  the  above  quantities  of  metal. 
The  same  metal,  also,  in  different  states,  may  evolve  different  quan- 
tities of  hydrogen.  If,  for  example,  the  metal  be  impure,  or  already 
a  tittle  oxidized,  it  will  set  at  liberty  less  hydrogen  than  if  it  were 
pure,  or  perfectly  metallized.  On  this  principle,  the  different  pro- 
portions of  real  metal  in  several  varieties  of  iron  and  steel  have  Seen 
investigated,  the  most  perfectly  metallized  iron  yielding,  of  course, 
the  most  hydrogen  gas. 

The  phenomena,  observed  during  the  solution  of  the  metal,  and 
those  attending  the  solution  of  its  oxide,  in  the  same  acid,  are  es- 
sentially different.  For  the  most  part,  a  metal  is  dissolved  with 
effervescence,  an  appearance  always  occasioned  by  the  escape  of 
gas;  hut  the  oxide  seldom  exhibits  such  a  phenomenon.  Iron,  it 
has  already  been  stated,  effervesces  strongly  during  its  solution  in 
diluted  sulphuric  acid;  but  the  bluck  oxide  of  that  metal  is  lakro 
up  silently,  and  w  iiliout  any  discharge  of  gas. 

III.  The  metals  may  be  oxidized  by  the  transference  of  oxygen 
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from  other  metallic  oxides.  Thus,  when  iron  filings  arc  distilled 
with  the  red  oxide  of  mercury,  the  oxygen  pusses  to  the  iron,  and 
the  mercury  is  revived^  or  appears  in  a  metallic  state.  In  a  similar 
manner,  the  oxides,  held  in  solution  by  acids,  are  decomposed  by 
immersing,  in  the  solution,  other  metals.  When  copper,  for  ex- 
ample, is  immersed  in  a  solution  of  nitrate  of  mercury  (consisting 
of  oxide  of  mercury  and  nitric  acid)^  the  latter  metal  is  deprived  of 
its  oxygen  by  the  former,  and  appears  on  the  surface  of  the  copper 
in  a  revived  state.  The  nitrate  of  copper,  which  is  thus  produced, 
is  precipitated  by  iron,  which  has  a  stronger  affinity  than  copper 
for  oxygen.  A  variety  of  similar  examples  might  be  given,  in  which 
the  precipitating  metal  takes  oxygen  from  that  which  is  precipitated. 
In  cases  of  this  sort,  it  must  be  confessed  that  the  comparative 
affinities  of  the  acid  for  the  oxides  of  the  two  metals  may  have  some 
share  in  the  effect,  but  much  less  than  the  affinities  of  oxygen  sepa- 
rately considered.  The  pi*ecipitated  metal,  also,  is  seldom  quite 
pure,  but  almost  always  contains  a  portion  of  the  metal,  which  has 
caused  the  precipitation.    (See  Quart.  Journ.  xxii.  203.) 

Such  arc  the  principal  means  of  eifecting  the  oxidation  of  metals. 
DiiTcrent  individuals  of  the  class,  it  has  already  been  ^ated,  com- 
bine with  different  proportions  of  oxygen ;  and  the  same  metal,  it 
may  be  added,  is  susceptible  of  different  degrees  or  stages  of  oxi- 
dation. Iron,  for  example,  when  united  with  oxygen  in  the  pro- 
portion of  8  grains  or  thereabouts,  to  28  grains  of  meial,  composes 
a  blavk  oxide ;  and,  with  12  parts  of  oxygen  to  28  of  metal,  it  con- 
stitutes a  red  oxide.  These  diflereut  oxides  of  the  same  metal  have 
not  only  different  colours,  but  each  of  them  is  characterized  by  a 
distinct  train  of  chemical  properties,  and  especially  by  different 
habitudes  with  respect  to  the  acids.  Thus  the  black  oxide  of  iron 
readily  unites  with  muriatic  and  sulphuric  acids;  but  the  red  oxide 
less  easily.  The  salts  with  base  of  protoxide  of  iron  afford  a  white 
precipitate  with  triple  prussiate  of  potassa ;  and  non(f  at  all  with  the 
gallic  acid,  or  with  sulphureted  hydrogen.  But  the  salts,  in  which 
the  iron  is  at  the  maximum  of  oxidation,  give  a  deep-blue  com- 
pound M'ith  the  triple  prussiate,  and  a  black  one  M'ith  the  gallic 
acid. 

It  has  been  discussed  as  a  question,  whether  the  same  metal  is 
capable  of  uniting  with  oxygen,  in  all  proportions  between  the  maxi- 
mum and  minimum,  or  whether  it  does  not  rather  combine  with 
that  principle  in  a  few  proportions  only,  between  which  there  arc 
no  intermediate  compounds.  Berthollet,  in  general  remarkable  for 
the  soundness  and  justness  of  his  views,  maintained  the  first  opi- 
nion, and  was  opposed  by  Proust,  who  contended  that  metals  unite 
with  oxygen  in  two  proportions  only,  and  that  the  compounds,  with 
apparently  intennediate  proportions,  are,  in  fart,  composed  of  the 
two  extremes,  variously  mixed  or  combined.  All  the  investigations, 
pursurd  by  Proust  with  the  view  of  determining  this  question,  tended 
to  confirm  his  opinion ;  and  since  his  time,  in  a  great  variety  of  addi- 
tional cases  where  the  fact  has  been  accurately  examined,  the  limita- 
tion has  been  fully  established.  We  may  consider  it,  then,  as  a 
general  principle,  that  the  proportions,  in  which  metals  combine 
\'oi-.  I.  .3  (f 
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with  oxygen,  arc  few  and  dcfiDite ;  and,  from  the  analjma  which 
have  been  made  of  iliflei^t  oxiilcs  of  Uie  same  metal,  the  mcUb 
appear  lo  unite  invariaUy  with  oxygen  in  such  proportions,  that 
the  oxygen  in  the  greater  is  n  simple  multiple  of  tlial  lo  tUe  levt 
It  is  by  no  means  necessary,  however,  lliai  the  possible  nitmbcr  of 
oxides  of  any  one  metal  should  be  limited,  as  Proust  has  Kiippoicd, 
to  two;  for  it  is  perfectly  consistent  with  the  atomic  thc<ir>'  ">** 
there  may  be  three,  four,  ur  even  a  greater  number  of  uxidc&  of 
each. 

It  had  been  long  known  thalof  different  oxides  of  the  same  metal, 
the  one,  which  contains  a.  larger  quantity  of  oxygen,  is  cap^le  of 
saturating  more  acid  than  the  one  which  contains  lesi.  Thl»  was 
ascertained  by  Proust,  with  respect  to  the  two  muriates  of  coppcti 
as  appears  from  the  following  atatement,  which  still  holds  true,  if 
we  view  the  salts  as  in  a  state  of  solution,  or  as  true  muriatta,  nrf 
not  as  chhriJea. 

r  100.      copper. 
The  green  muriate  consists  of^    34,57  oxygen. 

j.  83. IB  acid. 

f  I  on,      copper. 
The  while  muriate  of -^     1 2.28  oxygen. 

I  41.59  acid. 
The  same  law  appears,  also, from  the  cxperimcnUof  Sir  H.  Dary, 
to  apply  to  the  oxides  of  potassium  and  sodinnt.    T"  'Me  princtplc, 
an  adtlilioii  has  been  proposed  by  Gay  Luf.^.v  .     * '  '  \  rrufcil, 

ii.  159,  or  37  Phil.  .Mag.  2TO.)  and  suppi-r  filJus- 

trations;  f(2.,  Ikat  thequantity  of  acid,  which  differaii  tnstals  require 
for  saturation,  is  in  direct  proportion  lo  the  quantity  of  oxygen  in  their 
oxides.    This  law,  though  suggested  to  M,  Gay  Lussac  by  his  ex- 

Seriments  on  the  precipitation  of  metals  from  their  acid  solutions, 
ows  imniediately  from  the  atomic  theory;  and  had,  in  fact,  been 
previously  employed  by  Mr.  Dalton,  as  the  basis  of  a  communica- 
tion made  by  him,  in  the  spring  of  1808,  to  Sir  H.  Davy.  fPhil. 
Trans.  1810,  p.  63,  note.)  A  limitation,  however,  which  does  not 
appear  to  have  been  conlcmplalcd  by  Gay  Lussac,  is  necessary  to 
its  correct  enunciation ;  viz.,  that  the  melallic  oxides  and  those  of 
their  salts,  which  are  made  the  objects  of  comparison,  should  be 
aimilar  atomic  combinations.  Thus  a  binary  compound  of  an  acid 
with  a^rafoxi(/c  cannot  be  compared  with  a  binary  compounder 
the  same  acid  wiih  a  dcutoxidc  ;  nor  a  binary  combination  of  an  acid 
and  protoxide  with  a  tcnuiry  compound  of  the  same  elements. 

For  example,  36  parts  of  protoxide  of  iron,  or  112  parts  of  pro- 
toxide of  lead,  saturate  40  parts  of  sulphuric  acid.  Now  since  these 
oxides,  and  their  sulphates,  are  alike  binary  compounds,  thequan- 
tity of  oxygen  in  the  one  should,  on  the  above  principle,  be  equiva- 
lent to  that  in  the  other.  And  this  is  actually  the  case ;  for  36  parts 
of  protoxide  of  iron  and  112  of  protoxide  of  lead  contain  each  8 
parts  of  oxygen.  But  if  sulphate  of  mercury  be  compared  with 
sulphate  of  iron,  the  analogy  will  lie  found  no  longer  to  exist.  W 
the  oxide  of  mei-cury,  216  parts  arc  required  to  saturate  40  of  sul- 
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phuric  acid.  But  216  parts  of  this  oxide  contain  double  the  quan- 
tity of  oxygen  contained  in  36  parts  of  protoxide  of  iron.  The  same 
want  of  relation  will  be  found  to  hold  in  all  similar  cases. 

The  solubility  of  the  metallic  salts  in  water,  it  has  been  observed 
by  Gay  Lussac,  bears  a  proportion  to  the  quantity  of  oxygen  in  the 
oxides;  and,  consequently,  to  the  quantity  of  acid  with  which  that 
oxide  is  combined.  Salts,  in  which  the  metal  is  at  the  minimum 
of  oxidation,  are  generally  those  which  arc  most  insoluble.  This 
is  the  fact  with  respoct  to  the  salts  of  lead,  silver,  and  mercury ; 
for  these  are  metals  which,  at  the  minimum  of  oxidizement,  take 
very  little  oxygen,  and  consequently  very  little  acid.  A  similar  law 
is  applicable  to  the  compounds  of  chlorine ;  for  corrosive  sublimate, 
which  contains  the  largest  proportion  of  that  element,  ia^much  more 
soluble  than  calomel,  which  contains  the  least. 

There  is  a  certain  state  of  oxidation,  peculiar  to  the  different 
metals,  in  which  they  arc  most  readily  acted  upon  bv  the  several 
acids.  Iron  and  manganese,  for  example,  at  the  maximum  of  oxi- 
dizement, are  altogether  insoluble  in  nitric  acid ;  but  n^adily  dis- 
solve in  it,  when  combined  with  a  smaller  proportion  of  oxygen. 
Even  when  once  brought  into  combination  with  that  acid,  the  oxide, 
by  attracting  a  further  quantity  of  oxygen  from  the  atmosphere,  or 
from  any  other  source,  is  separated  in  the  state  of  an  insoluble 
precipitate,  which,  however,  does  not  consist  of  pure  oxide,  but  of 
the  oxide,  with  a  certain  proportion  of  acid.  This  explains  the 
change,  which  is  produced  in  solutions  of  iron,  by  keeping  them 
exposed  to  air.  The  oxides  of  iron  and  manganeses,  saturated  with 
oxygen,  are  soluble,  however,  in  the  less  oxygenated  acids;  for 
example,  in  the  sulphurous  or  nitrous,  which  first  deprive  the  oxide 
of  part  of  its  oxygen,  and  then,  becoming  sulphuric  or  nitric  acid, 
dissolve  the  partly  de-oxidized  compound. 

Every  acid,  with  a  few  exceptions,  is  capable  of  uniting  with 
each  individual  of  the  classes  of  alkalies,  earths,  and  metallic  oxides. 
In  these  compounds,  the  separate  qualities  of  the  component  prin- 
ciples are  in  many  instances  no  longer  apparent,  and  hence  they 
have  been  called  neutral  salts.  In  every  salt,  then,  there  are  present 
two  distinct  ingredients.  The  acid,  of  whatever  kind  it  may  be, 
has  been  denominated,  by  Lavoisier,  the  aatifying  principle ;  and 
the  body,  with  which  the  acid  is  combined,  whether  an  alkali,  an 
earth,  or  an  oxide  of  any  of  the  common  metals,  the  salifiable  base^ 
or  simply  the  base.  The  salts,  formed  by  an  individual  acid  with 
all  the  difft^rent  bases,  may  be  considered  as  a  genus  or  class ;  and 
may  be  distinguished  by  a  generic  name,  expressive,  in  part,  of  their 
composition.  This  generic  name  is  taken  from  that  of  the  acid. 
The  combination  of  sulphuric  acid,  for  instance,  with  any  base,  is 
called  a  stdphat  or  su^kaie;  of  phosphoric  acid,  a  phospfiaie ;  and 
so  of  the  rest.  The  name  of  the  individual  salt  is  derived  from 
that  of  the  base.  Thus  we  have  the  sulphate  ofpotassaj  the  sulphate 
ofsodUf  &CC. ;  and,  when  the  name  of  a  salt  thus  occurs,  it  is  to  be 
understood  that  it  is  a  compound  of  one  atom  of  each  constituent 
In  sulphate  of  potassa,  for  inBtance*  wc  have  an  atom  of  sulphuric 
acid  united  to  an  atom  of  potassa.    But  sulphur^  photphoruSi  and 
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Other  bodies,  it  has  already  b<:en  observed,  arc  susc^pdlile  of  US- 
fcrcnt  degrees  or  stsi^cs  of  oxygenaiion ;  and  aJTord,  In  lhe«e  dif- 
ferent stagc«,  acids  which  ai*  characterized  bjr  a  peculiar  tr«in  of 
[iropcnies.  The  compound*,  also,  which  r«ult  from  the  unioo  of 
two  different  acids,  having  the  same  com  butt  tible  bas*,  with  alka- 
lies and  earihE,  are  Hltogciher  difTereni  from  each  othrr.  The  tallt 
for  example,  which  sulphuric  acid  affords  with  potaua,  is  totall; 
unlike  that  which  resulu  from  the  combination  of  sulphurotu  acid 
with  the  same  base.  It  was  mjcessary.  therefore,  tu  dtstu)gvi*ii 
the  compounda  of  the  more  oxygenated  from  those  of  ihr  Icm  oay 
venatcd  acid ;  and  this  has  been  done  by  changing  thu  irrminalioa 
from  ale  to  He.  Thus  the  salts,  formed  with  sulphurous  and  pho»- 
phorous  acids,  are  called  sulphites  and  phosphites ;  a*  sulphite  of 
putassa,  phosphite  of  aoda.  Sec 

Hitherto,  we  have  contemplated  the  compounds  of  acid*  wilb 
their  respective  baees  as  in  the  state  of  neutral  compound*,  in  whicJi 
neither  the  acid  nor  the  base  predominates.  But  we  have  Micral 
instances,  in  which  a  neutral  compound  is  susceptible  of  unilinff 
with  an  additional  i|uantity  of  acid  or  of  base,  and  of  acquiring  an 
a&tirvly  new  set  of  properties,  Polassa  and  tartaric  acid,  for  ex- 
ample, when  united  in  the  proportions  which  neutralize  each  utker, 
compose  an  extremely  soluble  sail,  which  has  uo  actiun  on  rcgela- 
blc  coloursi  but  with  a  double  proportion  of  tartaric  acid,  a  salt  t* 
rormed,  which  requires  a  large  quantity  of  walcr  for  solution,  haa 
an  acid  taste,  and  instantly  reddens  vet;ei.Ll>li'  Mv.       1 

To  distinguish  this  and  other  similai  ^.il        ..      _  iJi'ionf 

was  first  proposed  ;  but,  for  the  sake  of  brevity,  it  afterwards  be- 
came customary  to  prefix  the  Latin  preposition  »t/per.  Thus  we 
have  the  su/ier-t  art  rate  of  potassa,  the  super-salphale  of  potassa, 
Sec.  On  the  contrary,  when  the  base  is  predominant,  the  deficien- 
cy of  acid  was  denoted  by  the  preposition  «/A,  as  sub-carbonate  of 
potassa,  sub-borate  uf  «oda,  £cc.  There  are  several  cases,  however, 
in  which  il  is  extremely  diflicult  to  decide,  whether  a  salt  is  to  be 
classed  among  neutral,  or  among  sub  or  miper  salts.  (See  the  re- 
marks of  Uerzetius,  Ann.  dc  Chim.  Ixxix.  2&),  and  Ixxxii.  US.) 
When  the  acid  of  a  salt  is  doubled,  it  is  now  most  usual  to  prefix 
the  Latin  word  ln»,  as  biauiphate  of  potassa,  binoxalale  of  soda ;  and 
when  tripled  or  ([uadrupled,  kc,  ter,  t/uater,  kc,  may  be  employed 
to  express  the  proportion  of  acid.  When  the  biue  is  doublMl,  Dr. 
Thomson  prefixes  the  Greek  syllabic  dis.  Thus  diiulphate  of  al>- 
mina  is  a  compound  of  one  atom  (sulphuric  acid,  and  two  atoms 


There  are  a  few  instances  of  salts  with  compound  bascsj  and  ia 
cases  of  this  kind,  it  is  customary  to  annex  to  the  generic  name 
those  of  both  the  bases.  Thus,  for  example,  we  have  the  tartrate 
of  potassa  and  soda,  the  phosphate  of  ammonia  and  magnesia,  or, 
as  It  is  sometimes  called,  ammoniaco-magnesian  phosphate. 

In  no  part  of  chemistry  is  the  advantage  of  the  new  nomCDCla- 
ture  more  sensibly  experienced,  than  in  the  class  of  neutral  salts; 
for  the  number  of  these  compounds  is  susceptible  of  being  multi- 
plied to  an  immense  extent.  If  the  (knowledge  of  tb«  Baiac  did  not 
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lead  to  that  of  the  compound,  scarcely  any  memory  would  be  ade« 
quate  to  retain  them.  But,  by  changing  the  arbitrary  titles,  for- 
merly assigned  to  them,  for  names  expressive  of  their  composition, 
we  are  furnished  with  a  kind  of  artificial  memory,  which  renders 
their  recollection  perfectly  easy.  Thus  for  the  terms  butter  of  an- 
timony, sugar  of  lead,  and  Glauber's  salt,  are  now  substituted  the 
more  appropriate  cpitliets  of  chloride  of  antimony,  acetate  of  lead, 
and  sulphate  of  soda. 

Beside  the  class  of  acids,  which  are  the  best  solvents  of  the  me- 
tals, ALKALINE  SOLUTIONS  act  upou  mctalUc  substances.  The  water 
which  holds  the  alkali  in  solution,  is  decomposed  ;  its  hydrogen  is 
disengaged,  and  its  oxygen  transferred  to  the  metal ;  and  the  oxide, 
thus  produced,  is  taken  up  by  the  alkaline  liquor.  The  oxides  rea- 
dy formed  are  also,  in  several  cases,  dissolved  by  liquid  alkalies. 
When  a  pure  alkali  is  added  to  a  metallic  solution,  the  metal  is 
precipitated  in  the  state  of  an  oxide ;  but  the  precipitate  is  seldom 
quite  free  from  alkali,  and  the  metallic  oxide,  in  a  few  instances, 
instead  of  appearing  in  a  separate  form,  is  dUsolved  by  the  alkali. 
When  alkaline  carbonates  are  employed  instead  of  pure  alkalies,  for 
the  •precipitation  of  metallic  solutions,  the  oxide  combines  with 
carbonic  acid,  and  appears  in  the  state  of  a  metallic  carbonate. 

The  compounds  of  ammonia  with  metallic  oxides  are  of  more 
importance  than  those  of  the  other  alkalies,  and  have  obtained  the 
generic  name  of  ammonivrrts.  They  may  be  formed  either  by 
acting  on  the  metals  with  liquid  ammonia,  the  water  of  which  is 
decomposed,  and  furnishes  a  metallic  oxide,  which  unites  with  the 
alkali ;  or  they  may  I)e  produced,  by  exposing  the  oxides  to  ammo- 
niacal  gas,  at  the  temperature  of  the  atmosphere.  At  least  fifteen 
oxides,  or  rather  hydrated  oxides,  may  be  brought  into  combina- 
tion with  ammonia,  vtz.,  oxide  of  zinc;  deutoxide  of  arsenic;  both 
the  oxides  of  copper;  oxide  of  silver;  tritoxidc  and  tetroxide  of 
antimony;  oxide  of  tellurium;  protoxides  of  nickel,  cobalt,  and 
iron ;  peroxide  of  tin ;  deutoxide  of  mercury ;  and  deutoxides  of 
gold  and  platinum. 

The  ammoniurets  are  decomposed  by  a  strong  heat;  the  oxygen 
of  the  oxide  uniting  with  the  hydrogen  of  the  alkali ;  and  the  azote 
of  the  latter  being  set  free.  In  some  cases,  as  in  that  of  ammoniu- 
ret  of  gold,  this  decomposition  is  attended  with  a  violent  detonation. 

The  oxides,  existing  in  metallic  solutions,  are  decomposed  by 
inflammable  substances.  Light  only  is  sufRcient  for  the  decompo- 
sition of  some  of  them.  Hydrogen  gas,  charcoal,  sulphur,  phos- 
phorus, and  the  compounds  of  hydrogen  with  the  last  three  i>odies, 
when  brought  into  contact  with  the  solutions  of  perfect  metals  at 
common  temperatures,  attract  the  oxygen  from  the  metal,  and  oc- 
casion its  precipitation  in  a  metallic  form.  In  this  way  several 
beautiful  appearances  may  be  produced,  which  will  be  described 
in  treating  of  the  individual  metals. 

The  oxides  themselves  are  decomposed  when  exposed  to  a  strong 
heat  in  contact  with  hydrogen,  charcoal,  or  phosphorus.  The  two 
first,  or  substances  containing  them,  are  chiefly  employed  for  the 
decomposition  of  those  oxides,  which  occur  as  natural  productiona. 
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The  oxide,  mixed  with  a  portion  of  inClammKblr  mnlter,  is  i^powd 
to  an  intense  heat ;  and,  in  ni'der  lo  obtain  the  rortul  in  a  coherent 
m&as,  and  not  in  the  smull  grtiins  wtiicli  would  oiherwiiic  be  forio- 
cd,  some  substance  is  generalFy  addi^d.  which  i«  capable  of  being 
melted,  and  of  allonbg  the  metal  to  subside  through  it.  Substan- 
ces of  this  kind  are  called  Jluxes,  and  the  prwcess  id  tei-med  the 
renvtU  or  rtditclion  of  ihc  metal. 

If  only  one  oxide  had  existed  of  each  metal,  it  would  ha^c  ben 
easy,  by  applying  the  general  principles  of  chemical  noroencUtare, 
to  have  distinguished  them  by  names  suSiciently  expressive  of  ibelr 
composition.  But,  as  the  metals  are  susceptible  of  severmi  Ukgci 
of  oxidizemcnt,  it  is  difficult  to  find  terms,  which  shall  suHicientty 
express  the  characteristic  distinctions  of  the  several  oxides  of  the 

la  most  instances,  the  denominations  proposed  by  Dr.  ThomftOn 
(or  the  metallic  oxides  may  be  advantagvously  adopted.  When  there 
are  several  oxides  of  the  same  metal,  he  contrived  the  terras  pro- 
loxitk,  dailoxide^  trifai^df,  kc.  signifying  that  the  metal  in  iu  its 
lirat,  second,  or  tUnl  stage  of  oxidixement.  Or  if  two  oxides  only 
of  (tny  metai  are  l^wn,  he  suggested  the  appellation  of  prvl^ridt 
for  that  at  the  minimum,  and  of  peroxide  for  that  at  the  maximum 
of  oxidation.  He  has  since,  however,  employed  the  trnn  onJty 
when  yeed  simply  by  itself,  lo  denote  the  compound  of  1  atom  of 
metal  with  1  atom  of  oxygen ;  dailoxide,  that  of  1  atom  of  meUl 
with  2  of  oxygen,  kc 

In  a  similar  manner,  may  the  salts  be  distinguished,  which  result 
from  the  combination  of  any  acid  with  different  oxides  of  the  same 
metal.  Thus  we  have  the  proto-aulpluile  and persu^^le  o(  iron; 
and,  when  more  than  two  oxides  of  any  metal  are  known,  it  will  be 
easy  to  discriminate  the  salts  which  ihey  form,  by  prefixing  the 
same  abbreviated  adjective  as  that  used  to  denote  the  degree  of 
oxidation.  DeiUo-suljj/uile,  for  example,  will  express  a  compiound  of 
sulphuric  acid  with  a  dcutoxidc. 

The  following  Table  exhibits,  at  one  view,  the  composition  of 
most  of  the  metallic  oxides : 


TiAle  tkowing  the  Propwliom  of  Oxygen  with  which  3IelaU  combint. 


Mculi. 

!?;£? 

No.nf 
O.ill.-. 

C„..„.0.,K. 

lOOof 

Astluiijun. 

tXTUf  Ifec 

OiHlr. 

PotwHium 

40 

2 

Wliitc 

Orsnge 

20. 
60. 

Giy  Luuu 
and  Thciiard. 

48 
64 

Sodium 

34 

3 

While 
Orange 

31. 
S7. 

Ditto. 
Ditto. 

32 
36 

Lithium 

13 
10 

':■. 

White 

72t 

Gmelin 
Stromcyer. 

30 
IB 

Calcium 

20 

White 

39.4 

Beneliu*. 

3S 

OUBIAIi  IWWBKTnS  OF  KStALS. 


7\ible  eonlinued. 


MlMb. 

[k^McUL 

SS2 

CohnrofOiMa 

UDdT 
UtUlUkr 

Buium 

70 

1 
2 

White 

11.4 
23. 

D«y, 
Thcntrd. 

78 
86 

atrontium 

M 

:■. 

White 

18.3 

Stroroeyer. 

53 

13 

White 

66.6 

Thomson. 

30 

Glucinuro 

18 

1 

White 

44.4 

Ditto. 

36 

Yttrium 

M 

White 

25. 

Ditto. 

43 

10 

■■' 

White 

80. 

Ditto. 

la 

Ziteonium 

40 

White 

""r- 

.      Ditto, 

48 

SUicium 

8 

<■■ 

White 

iifj» 

.,BeneUu>k 

16 

tUfg^.^ 

38 

1 
2 
3 

Green 
Black 

28.57 
42.86 
57.14 

Arfwedion. 
Ditto. 
Ditto. 

36 
40 
44 

Knc 

34 

1 

White 

24.41 

G.yLB-ic 

42 

Iron 

28 

1 

2 

DUck 

Red 

39.5 
44.25 

Ktto. 

36 
40 

Tin 

58 

1 
3 

Grejr 

WWte 

13.5 
37.1 

GavI.uHM. 
Ditto. 

6« 

74 

CMlmhim 

56 

Browniriifell 

14.353 

Stnunejer. 

64 

Anenic 

38 

3 

White 
Ditto  (Kid) 

31.57 
53.63 

Thomioo. 

54 

S3 

48 

1 
3 
3 

Drawn 

Blue 

White  (icid) 

16.6 
33.3 
53.7 

Thonuon. 

BuchoU. 

Ditto. 

56 
64 

73 

Cbrondum 

38 

1 
2 
3 

Green 

Drown 

ReUC^W) 

87.72 

:  1 

32 
40 
52 

Tungren 

96 

1 
3 

BUck 
YcHow 

16. 
34. 

Wiihler. 

112 
130 

Columbiuin 

144 

White 

5.5 

Beneliui. 

153 

Antimony 

44 

1 

3 
3 

Dun  white 
White  («eid) 

18.3 
27.3 
36.4 

Beneliua. 
Ditto. 

niuo. 

53 
56 
60 

VnnUim 

308 

1 
3 

Green 
YeOow 

3.688 

5.533 

316 
334 

( 


Tabu  continued. 


Xcul>. 

ss 

So.  at 

..«,.0«^ 

Mnil  ^ikf 

......^ 

J^"ic 

Cerium 

50 

I 

2 

White 

Fiwn 

ir.4i 

25.115 

HWmgei. 
Ditto. 

SI 

CoUlt 

30 

3 

Bltck 

27.3 
40.95 

HothofF. 
Ditto. 

38 
43 

TitiQiuiQ 

2 
2 

Blue 
Bed 
White 

D»mi>lh 

73 

Vctlottitli 

U.27S 

La^crhjcliD. 

BO 

Copper 

64 

2 

Ked 
BUck 

12.5 

25. 

Prmutand 
Becidiuv 

73 
80 

TeUurium 

2%} 

1 

VeUo*ish 

24.8 

Uerzdius. 

Nickel 

30 

2 

Bl-fk*^ 

37.2* 
40.88 

Bollurff. 
Ultto. 

4S 

Lead 

104 

1 
3 
3 

Yellow 
Red 

Puce 

7-73 
ll.OS 

15.60 

BoMliui. 
Pino. 

Ditto. 

m 

lao 

Mereupy 

2U0 

I 

Bluck 
Red 

t 

Ditlu. ' 

20S 
216 

Silver 

110 

1 

Olive 

7.272 

Beoeliiu. 

118 

Cold 

200 

1 
2 

i: 

X2i 
10.03 

Pelleliti. 
Ditto. 

308 
2M 

Platinum 

96 

3 
3 

Black 
Iron  gtej 

a.  287 
11,9 
I(i.:13 

BcrzCUui. 
F..  Daiy. 
Bcnclius- 

108 
US 

PlIlBllillTll 

56 

1 

14.285          Uittc 

64 

Kliodium 

44 

2 

18.2         ThomKm. 
36.4     1         Dillo. 

a 

60 

Iridium 

30 

2 

Blue 
Bed 

■       1        S'' 

Many  of  the  metallic  oxides  have  an 
they  manifest  by  being  soluble  in  it,  or 
^latinuus  form.  The  soluble  oxides 
strontia,  and  linie;  the  deutoxidc  of  ar 
mium.  There  are  a  few  others,  which 
degree  only,  not  exceeding  one  ihoiiss 
water,  viz.,  oxide  of  molylidcnimi,  dctit 
and  tctroudc  of  untiniony. 


attraction  for  water,  whith 
by  reducing  it  to  a  solid  or 
arc  potassa,  soda,  baryta. 
scnic,  and  the  oxide  of  o*- 
are  soluble  in  a  very  small 
mdih  of  the  weig^hl  of  the 
oxide  of  mercury,  iritoxidc 
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The  compounds  of  oxides  and  water,  in  which  the  water  exists 
in  a  state  ot  true  chemical  union,  arc  tiTmed  hvhiiatks,  or  iivdro- 
oxiDESt  or  iiYnHOXL'RKS.  Thu  hydrates  of  potassa,  soda,  strontia^ 
and  baryiu,  retain  the  water  which  cnnaiituics  Ihcm  such,  at  the 
temperature  of  ignition,  and  it  can  only,  indeed,  be  expelled  by 
bodies  that  have  a  strun);er  affinity  for  the  alliali  or  earth.  The  hy- 
drates of  the  remainin);  rai'ths  are  decomposed  by  the  heat  of  igni' 
tion.  The  hydrated  oxides  of  the  common  metals  are  obtained  by 
adding  a  solution  of  pure  potassa,  soda,  or  ammonia,  to  the  solu- 
tion of  the  oxide  in  sulphuric,  muriatic,  or  nitric  acid.  The.  pi-e- 
cipitatc,  washed  repeatedly  with  water,  is  to  be  collected  on  a  filter; 
aiid,  irdrie<l,  the  heat  employed  must  he  as  gentle  as  possible;  for 
a  slight  elevation  of  temperature  is  sufficient  to  expel  the  whole 
water,  and  to  leave  only  an  oxide. 

The  hydrated  oxides  aiv,  for  the  most  part,  much  more  soluble 
in  acids  than  the  oxides.  According  to  Berzelius,  they  are  definite 
com])oiinds,  in  such  ]iraportioiis,  that  the  oxygen  of  the  water  is 
cfjual  in  weight  to  that  of  the  oxide.  It  is,  however,  probable  that 
each  metallic  oxide  is  capable  of  uniting  with  water  in  several 
(lefiniie  proportions,  the  greater  of  which  are  simple  multiples  of 
the  less. 

llcsidi;  the  class  of  compounds,  which  result  from  the  union  of 
metals  with  oxygen,  the  metals  are  capable,  also,  of  entering  into 
coinbinatiun  with  chlorine,  iodine,  bromine,  hydrogen,  carbon, 
phospbiinis,  and  sulphur.  Almost  all  the  bodies,  it  may  be  remark- 
ed, with  which  metals  ore  capable  of  uniting  in  their  metallic  state, 
are,  uith  respect  to  our  knowledge  of  tbeni,  simple  or  elementary ; 
and  they  show  little  if  any  disposition  to  unite  with  compounds, 
until  they  have  themselves  been  rendered  such  by  combination  with 
oxygen,  with  rhlurine,  kc  Hy  uniting  with  each  other,  the  metals 
adui'd  an  intcrLStiiif^  class  of  compounds  called  melallic  aliovt. 

I.  Afl  the  metals  arucapableof  uniting  with  ciii.uni.yF-  '1  he  very 
malleable  metals,  such  as  gold,  silver,  &c,  which  can  be  reduced 
to  extremely  thin  leaves,  arc  licst  applied  to  chlorine  gas  in  that 
state;  o'th'.Ts,  as  iron,  zinc,  copper,  &c.,  may  lie  introduced  in  the 
state  uf  fine  filings.  For  exhihiiin;;  the  combustion  of  the  latter, 
we  may  use  about  -40  grainsofeach  metal  to  40  cubic  inches  of  the 
ga.s ;  and  into  the  l>utlum  of  the  receiver  a  little  dry  santl  may  be 
piiuri-tl,  to  prevent  it  from  being  broken.  The  temperature  u  the 
gas,  in  itrdei-  that  the  exjieriment  may  succeed  jwrfectly,  should  not 
Im;  liiluw  nC  Fahr. 

The  most  i-eadily  oxidized  metals  bum  with  the  grt^atest  bril- 
liancy. Melallic  antimony  emits  a  very  brilliant  while  Uanie,  and 
throws  out  sparks.  Arsenic  exhibits  a  fine  green  or  blue  llame,  at- 
tended with  sparks  and  a  dense  white  smoke ;  bismuth,  a  bluish 
name;  zinc,  a  white  llame  and  sparks;  tin,  a  bluish  while  light; 
lead,  a  clear  while  llame;  copper,  a  red  and  slowly  spreading  light; 
and  iron,  a  bright  red  lighu 

The  results  of  combustion  in  these  instances  are  compounds  of 
chlorine  with  the  i-es|M:ctive  metals,  which  appear  to  be  maintain- 
ed by  a  very  powerful  affinity;  for  chlorine  is  cupable  of  expcUiut: 
Vol.  1.  3  il 
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the  whole  of  the  oxyfr*^n  frum  any  rucullk  ox'mU-.  and  taklajf  it> 
place.  Kvcn  Uioae  metulR,  th&t  arc  moU  dialinguuhcd  hj  Ihur  af- 
finity fnr  cixygoQi  abnnilon  it  wliun  iheir  oxi(lc!>  ure  Kesicd  in  nn- 
tactwilli  cUlttrinci  anil  oxygen  gas  iain  ihatCMcdlungagcd.  Tht 
same  metal  U  capable  also  of  aniting  wUh  (lilTcrcnc  propnrtiMu  of 
cbluriiir.  whtrli  Km  ildinitv,  itnil,  ko  I'ar  an  has  brm  yet  aKcrtaitt- 
I'd,  in  no  cant  »'\cee<I  two  proporiions  to  one  of  metal.  Heau  ii 
WB*  prupuiicd  by  Sir  If.  Davy,  in  fixinc  ihc  nonienffalnre  of  time 
coinpoundi,  to  dcsignule  those  containing  the  leaxt  chlorine  by  the 
terminalion  one  added  to  the  Latin  numc  of  the  inctaL  a>  a^rmu 
tor  thai  of  copper;  and  ihouc  containing  mniii  chlorine  by  tbic  vr- 
lalnation  onto,  ax  cuprmira.  Thix  nomenclature,  bowercr,  ba>  Mrt 
been  generally  adopted;  but  the  compouuds  of  chloHiM;  with  anf 
laia  arc  now  cither  called  rhlorurt*,  or  (which  Bpncan  lo  be  nrrfiw- 
ftble  fratn  annlogy  with  the  nimilar  cumpnundnol  tixygcn)cAJaride(. 
When  more  than  one  compound  exists  uf  chlorine  with  any  bmuI, 
that  at  the  minimum  may  be  called  chtondt  or  ptfUo-ddonit,  and 
the  oihen  detUa-Mondt,  per-r.bJoruU,  kc. 

The  mclatUc  d|l^ftdcs  may  alio  be  formed,  by  expoaing  certain 
metals  to  muriatic  scid  gai  at  hi)>h  tempcrxturva.  In  ilutcaie,llN 
muriatic  acid  is  decomposed;  iti  hydrogen  is  liberated;  and  it* 
chlorine  combines  with  the  metal.  Diluted  muriatic  ncid  •cling 
on  certain  metals  (iron  for  example)  occasions  the  dccumpouiioa 
of  water;  hydrogen  ia  evolved;  and  an  oxide  is  farmed,  which 
unites  with  the  muriatic  acid  and  consliiniis  ::  i  rs  i  n,  '.,  tf.  If  the 
oxide  of  ametal  bu  acted  upon   by  muri.ii.  ■    jIio  a 

muriate  formed.  The  muriates,  in  some  cases,  crystalliee  aa  such; 
but  in  others,  in  becoming  solid,  are  at  the  saute  noment  changed 
into  chlorides.  The  oxides  of  barium,  strontiuA,  calcium,  m^oe- 
sium,  aluminum,  copper,  and  manganese,  all  form  with  rourutic 
acid  crystallized  muriates,  containing  de^nile  proportions  of  wa- 
ter; but  the  oxidei  of  potassium  and  sodium,  when  dissolved  in 
muriatic  acid,  afford  muriates  only  so  long  as  they  cootinue  floid, 
and  in  crystallizing  become  true  chlorides.  Mercury,  silver,  aad 
lead,  form  chlorides  only,  and  not  muriates.  When  a  crystaUiaed 
muriate  ia  heated,  the  first  effect  is  to  expel  its  water  of  Crystalli- 
Mition,  and  the  next  is  to  cause  the  oxygen  of  the  oxide  to  unite 
'with  the  hydrogen  of  the  muriatic  acid,  forming  water  which  es- 
cape*. When,  for  instance,  184  parts  of  crystals  of  muriate  ofbar 
ryta  are  carefully  heaiid  so  as  to  lose  only  9  parts,  there  remaia 
115  of  anhydrous  muriate  consisting  of  37  muriatic  acid  (  —  SC 
chlorine  +  I  hydrogen)  and  78  of  baryta  (  —  70  barium  +  8  oxy- 
gen); and  this  dry  muriate  being  strongly  heated,  1  of  hydrom 
unites  with  8  of  oxygen,  lo  form  9  of  water,  and  36  of  chlonnc 
with  70  of  barium,  (o  compose  106  of  chloride  of  barinra.  The 
chlorides  may  be  formed  also  by  double  elective  affinity;  thus  aal- 
phate  of  mercury,  exposed  lo  heat  with  chloride  of  sodium,  gives 
chloride  of  mercury  and  sulphalc  of  soda ;  the  oxygen  and  sulphar- 
ic  acid  paasing  from  the  mercury  to  the  sodium,  and  the  cUoriac 
from  the  sodium  to  the  mercury. 

Wtien  t  true  metallic  chloride  is  dissolved  in  water,  there  are  two 
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virws,  which  may  be  taken,  of  the  changes  thftt  lake  place ;  and  in 
nur  choice  between  them  we  must  be  {ruided  rather  by  probabili- 
ties, than  by  direct  rspcrimeTitBl  evidence.  Either  the  chloride 
may  dissolve)  as  such,  in  the  wiiler;  or  a  decomposition  uf  thai 
fluid  may  ensue,  (he  chloriiie  seizing  the  hydrogen  and  forming 
muriatic  acid,  while  the  metal  may  compose,  with  the  oxygen  of 
the  water,  an  oxide,  capable  of  latarating  the  newly-formed  acid. 
In  this  way,  a  chloride  may  be  converted,  by  the  action  of  water, 
into  a  true  muriate.  Against  this  explanation  it  has  been  alleged, 
that  during  the  solution  of  a  chloride,  no  one  appearance  takes 
place  indicative  of  such  an  exchange  of  principles.  The  chloride, 
It  is  laid,  is  quietly  taken  up,  and  the  liquid  may  therefore  be  fairly 
regarded  in  the  liglit  of  a  common  solution.  But  it  must  be  re- 
membered, that  chemical  auion  takes  place  in  many  instances, 
when  it  is  not  accompanied  by  any  visible  change,  as  when  we 
mingle  together  solutions  of  certain  sails,  which  mutually  decom- 
noK  each  other,  without  precipitation  or  any  other  phenomenon. 
Nor  in  this  case  is  the  action  of  chlorides  on  water  likely  to  be  ma- 
nifested by  any  visible  transference  of  elementa;  the  hydrogen  of 
the  water  being  exactly  equivalent  lo  convert  the  chlorine  into  mu- 
riatic acid,  and  its  oxygen  just  adequate  to  oxidate  the  metal;  and 
the  two  new  products  lacing,  of  course,  precisely  in  the  proportions 
necessary  to  mutual  neutralization.  Again,  if  we  examine  the  so- 
lution of  a  chloride  in  water,  we  shall  find  that  it  actually  contain* 
muriatic  acid,  which  is  expelled  by  adding  sulphuric  acid,  and  there 
remains  a  distinct  compound  of  the  oxidized  metal  with  the  newly 
added  acid.  It  is  probable  that  the  power  of  decomposing  water  is 
limited  to  those  chlorides,  of  which  the  metallic  bases  have  so 
strong  an  aflinify  for  oxygen,  as  to  decompose  water  at  ordinary 
temperatures. 

The  compounds  of  chlorine  with  metals  have  l>een  ably  investi- 
gated by  Ur.  John  Davy,  and  it  is  chielly  his  results  that  have  fur- 
nished materials  for  the  following  Table,  in  which  the  eijiivalent 
of  chlorine  is  taken  at  .16.  The  first  column  contains  the  name  of 
the  chloride;  the  second  the  equivalent  of  the  metal  deduced  from 
its  oxide,  or  from  some  other  compound ;  the  third  the  proportion 
of  chloriae;  and  the  fourth  the  equivalent  of  the  metal,  derived 
from  the  lowest  proportion,  in  which  it  has  actually  been  found  to 
unite  with  chlorine.  In  most  instances,  the  numbers  in  thefintand 
last  columns  will  be  found  very  nearly  to  coincide.  When  the  dif- 
ference is  trifling,  it  may  be  imputed  to  errors  unavoidable  in  ana- 
lyses of  this  kind;  hut  when  very  considerable,  as  in  the  case  of 
arsenic,  the  disagreement  shows  the  necessity  of  more  accurate  ex- 
periments either  on  the  oxide,  the  chloride,  or  on  both. 


TWfc  o/*  tfie  Prindptd  Compounds  of  Mtlali  trf/A  Chtorinc. 


Name  of  chloride. 


PrDportion  Hiqui*.  of  neUl 
oT  deduced  inia 

cliloPine.       ilie  diloriile. 


Chloride  of  Potasaiiim  - 

Sodium  -    ■ 

Calcium 

Barium 

Slroatium  • 

Magnesium 

Manganese 

. Zinc  -    -    • 

Iron,  1st 


-  Tin 


-  2d 
.   1st 

-  Bd 


-  Arsenic 

-  Atiiiinciny  - 

-  Bismuth 

-  Copper,  Ul 

ad 


-  Mercury,  Isl 


33.4fi 

44.SI 

6&ttr 


Clilorine  is  capable  also  of  uniting  with  potaasa,  aoSa,  sad  Ume, 
and  probably  with  other  oxides.  These  chlorides,  howerer,  have 
little  stability  of  composition,  for  the  two  first,  which  can  only  be 
obtained  in  solution,  are  rapidly  converted  into  chlorate  of  potataa 
or  soda,  and  chloride  of  potassium  or  sodium.  Lime  in  the  state  of 
dry  hydrate  absorbs  chlorine,  and  forms  a  compound  of  a  more 

Ermanent  nature,  but  siill  liable  to  be  decomposed  by  lon^kecp- 
j.  Of  all  these  compounds,  which  are  generally  regvded  u  coa- 
■istitt  of  chlorine  uniied  with  oxides,  Berzelius  has  taken  a  diife^ 
ent  view.  He  considers  them  as  compounds  of  alkalies,  or  of 
earths,  with  a  new  acid,  the  existence  of  which  he  deduces  by  am- 
logical  arguments,  to  which  he  gives  the. name  of  cA/orout  acut,  and 
to  its  compounds  that  oicliioritet;  but  of  the  existence  of  such  u 
acid,  we  have  at  present  no  direct  evidence.  (See  Ann.  de  Ch.  M 
dcPh.  June  1828.) 

II.  All  the  metals  unite  with  iodike,  and  form  compounds  which 
have  been  called  iodet,  todures,  or  iadidtt.  The  last  term  is  to  be 
preferred,  on  account  of  the  analogy  of  the  compounds  denoted  by 
It  with  oxidti  and  ehlorida.  The  iodide*  of  potassium,  sodioin, 
lead,uid  bismuth,  may  be  obtained  by  bringing  the  vapour  of  iodine 
into  contact  with  those  oxides  at  a  red  heat.    AU  the  iodida  dc- 
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compose  water,  the  hydrogen  of  which  forms  hydriodic  arid  with 
the  iodine,  while  its  oxy^^on  is  transferred  to  the  nu'tuK  and  the 
acid  produced  combini's  with  the  luctallic  o\ido.  With  lime,  ba- 
ryta, or  stroiitia,  iodine  unites  at  a  hi^h  leniperaturo,  and  in  this 
respect  differs  frum  chlorine,  which  expels  oxygen,  and  combines 
with  the  metallic  base. 

III.  Thk  comj'ounds  ok  mktals  with  11  yuro(;kn  are  neither  nu- 
merous nor  of  much  importance.  When  water  is  decomposed  by 
certain  metals,  at  the  sanu^  time  that  the  oxygen  combines  with 
one  portion,  the  hydrogen,  which  is  disengaged  in  the  state  of  gas, 
takes  up  another  portion  of  metal.  This  is  the  case,  in  a  very  small 
degree,  with  iron;  still  more  with  zinc;  and  most  remarkably  with 
potassium,  arsenic,  and  tellurium,  all  of  which  aflbrd  compounds 
with  hydrogen,  that  have  distinctly  characteristic  properties. 

IV.    TlIK  rOMHINATlONS  OK    MKTALMC   nODlKS  WITH  Sl.'UMlL'U  haVC 

been  divided  by  Vauquelin  into  three  classes,  viz.^  1st,  the  com- 
pounds of  metals  with  sulphur,  which  alone  arc  with  propriety  call- 
ed sulphurcts  ;  ^Idly,  the  compounds  of  sulphur  with  metallic  oxides, 
termed  nulphuretcd  oxidva;  and  3dly,  those  of  sulphurcted  hydrogen 
with  metallic  oxides,  which  may  l)e  called  hydro- aulphurr ted  oxides, 
(Ann.  de  Chim.  xxxvii.  57.)  To  these  may  be  added,  4tlily,  the  com- 
pounds of  bi-sulphureted  hydrogen  with  metallic  oxides,  called  hy- 
droi^urrlt'd  sidphurets, 

1.  All  the  metals,  with  the  exception  of  gold,  zinc,  and  tin,  are, 
in  their  metallic  state,  susceptible  of  direct  combination  with  sul- 
phur. In  order  to  effect  their  union,  it  is  suiRcient  that  one  of  the 
bodies  Ix;  in  a  iluid  state ;  and  as  sulphur  is  readily  fusible,  a  very 
moderate  heat  (jnly  is  recjuired  for  the  purpose.  Thus  28  parts  of 
iron  filings  with  IG  of  sulphur,  or  CA  parts  of  copper  filings  with 
10  of  sulphur,  when  heated  in  a  glass  tube,  combine,  the  moment 
the  fusion  of  the  sulphur  is  accomplished.  The  phenomena  an* 
very  remarkable,  consisting  in  a  sudden  and  bright  glow,  like  that 
of  intenst;  ignition.  During  combination,  however  dry  the  materi- 
als may  have  been,  it  appears  fi*om  the  experiments  of  Mr.  Clay- 
field  (Philosophical  Transactions,  18()K,  p.  IG,  note,)  that  a  ({uantity 
of  elastic  fluid  is  extricated,  amounting  to  nine  or  ten  times  the 
bulk  of  the  mixtun*,  and  consisting  of  sulphurcted  hydnigen  and 
sulphurous  acid.  The  former,  probably,  arises  from  the  sulphur, 
and  the  latter  from  the  metallic  tilings,  which  may  have  been  par- 
tially oxidized  by  the  process  of  washing  and  drying. 

All  the  met allic  oxides  are  decomposed  when  heated  with  sulphur; 
sulphurous  acid  escapes  ;  and  met aUic.  sulphur rtn  are  formed.  Thus 
when  potassa  and  sulphur  are  heated  together,  part  of  the  sulphur 
is  ariditied  at  the  expense  of  the  potassa,  and  the  rest  combines 
with  the  ])otassium.  It  does  not,  indeed,  appear  possible  to  form, 
at  a  high  temperature,  a  true  compound  of  sulphur  with  a  metallic 
oxide.  And  even  when  sulphur  and  an  oxide  (])ot'issa  for  instance) 
are  boiled  together  with  water,  it  is  most  probable  that  water  is 
decomposed;  that  its  oxygen,  with  1  atom  of  sulphur,  constitutes 
hypo-sulphurous  acid,  and  that  its  hydrogen,  with  t3  atoms  of  sul- 
phur, composes  bi-sulphurcted  hydrogen,  both  of  which  products 
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ilh  the  a^ilifiAbic  base.  There  rcMilu  therefore,  ii 
pltite,  and  an  hydngurettd  su/phuret,  ofpntis^ii,  fram  Ktitc^MKB^ 
acids  disengage  sulphureted  hydrogen  iaixl  nUuprtcipitalr.sulphBr 
In  the  act  of  comliination  as  ihiis  cxplaliicil.  no  (trrumpuiiiion  o( 
tlie  alkali  is  supposed  to  take  place.  Itfl  opcralion  i*  probattlt  v»- 
logous  to  that  of  sulphuric  acid  in  causing  lh«  dccoTnpouiiim  of 
water,  when  the  diluted  acid  is  brouglii  itita  cualact  with  certain 
mslals,  which  derive  ihcir  o&ygcD  solely  from  the  water,  and  d* 
not  decompose  the  acid  itself. 

The  meiall'ti:  iru/phales,  also,  may  be  employed  ta  form  aalphiirtta, 
by  heatiiit;  ihem  in  cuotact  with  InHammable  aubat^ncc^  Hydro- 
^n  gui,  (or  iitstance,  passed  over  an  auhydrou*  sulphate,  ignited 
in  a  glass  tube,  unites  with  the  oxygen  of  the  baae,  aa  well  as  with 
that  of  the  acid,  and  true  mcUlllc  sulphurcia  are  furrncd.  In  tliii 
way  fierzelius  decomposed  sulphate  of  potassa ;  and  Arfw«d»on  the 
Bulphates  of  manganese,  ztnc,  cobalt,  and  other  metals.  All  the 
metallic  sulphates,  too,  are  decomposed  at  a  red  hot  by  cjiarcoal. 
For  this  purpose,  when  required  in  large  ()uantity,  th«j  may  be 
intimately  mixed  wjtb  powdered  charcoal,  and  cjtpoacd  iQattrong 
heat  in  a  crucible;  but  the  resulting  siilphuret  i>  seldom  pure,  utd 
i>  mixed  with  uncertain  proportions  of  the  charcoal  used  in  aces* 
to  produce  decomposition.  Bcrthier  has  poinicd  oot  a  more  ele- 
gant mode  of  effecting  this  decomposition.  (Ann.  de  Cb.  ct  dc  Phy». 
xxii.  SS5.)  He  aurrounds  the  sulphate,  either  reduced  to  powder 
or  in  mass,  with  charcoal,  the  whole  bein^  enclosed  in  a  cotmi 
crucible,  and  cxpo'ses  it  to  a  u  hitc  heat  for  two  hours.  lu  this  way, 
the  sulphate  undergoes  a  process  analogous  to  cements  lion,  and 
loses  weight  tquivaltnt  to  ihe  oxygen  of  the  liase  and  that  of  the 
acid.  With  sulphates  of  baryta,  stronlia,  and  line,  this  la  correct- 
ly true ;  but  when  sulphates  of  potassa  and  soda  arc  similarly  treat- 
ed,  the  loss  is  still  greater,  owing  to  the  volatilisation  o{  part  of 
the  metaijized  product.  Sulphurets,  thus  produced,  are  pu^cctly 
pure  compounds  of  sulphur  with  the  respective  metala.  They  dia- 
soItc  in  muriatic  acid  with  a  disengagement  of  sulphurcted  hydro- 
gen, no  sulphur  is  precipitated,  nor  is  any  acid  with  that  base  ge- 
nerated. When  fused  with  nitre  in  a  silver  crucible,  a  quantity  of 
sulphate  is  regenerated  exactly  equivalent  to  the  aulpfaate  otip- 
n&lly  decomposed. 

In  4V*^  compounds,  the  properties  of  the  metals  ceaae  to  be  ap- 

RarentJ  for  the  sulphurets  are  brittle;  have  colours  diflbrent  fron 
lose  of  the  metals ;  and,  when  artificially  formed,  are  destitute  of 
lustre.  The  quantity  of  sulphur,  with  which  different  metals  arc 
capable  of  uniting,  varies  for  each  metal. 

The  same  metal,  also,  in  some  instances,  combines  with  diflereni 
quantities  of  sulphur,  and  affords  compounds,  characierixed  by  a 
distinct  train  of  properties.  Thus  the  compound  of  38  parta  of  iron 
with  16  of  sulphur  is  brittle,  and  of  a  dark  grey  colour;  has  litlk 
or  no  lustre;  and  is  attracted  by  the  magnet.  But  38  parts  of  iroa 
with  32  of  sulphur  form  a  yellow  compact  compound ;  of  sufficieat 
hardness  to  strike  fire  with  steel ;  and  having  so  much  lustre,  as  to 
have  been  often  mistaken  by  the  ignorant  for  goM.    When  dilc^- 
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ent  aulphurcta  of  the  Banic  metal  exist,  the  sulphur,  in  thoso  which 
contsin  the  largci*  proportion,  is  an  exact  simple  multiple  uf  the 
sulphur  in  those  which  contain  the  less. 

The  fullowing  Table  exhibits  (he  composition  of  several  of  the 
metallic  sulphurets.  In  most  instances  1  have  preferred  (giving  the 
results  obtained  by  esperimcut,  in  order  that  it  may  be  spcn,  from 
the  numbcrH  in  the  lust  columui  huw  far  tht^  etjuivalLUts  of  the  me- 
tal*, dcducible  from  the  coiiiposiiion  of  the  sulphurets,  agree  with 
those  obtained  from  the  analysis  of  the  oxides.  (See  Table,  p.  422>) 
In  many  cases,  these  will  be  found  to  coincide  exactly.  The  atomic 
weight  of  lead,  for  instance,  comes  out  104,  whether  deduced  from 
the  oxide  or  the  sulphuret.  In  other  cases,  there  will  l>c  observed 
to  be  a  difference,  to  a  ^'rc3tc^  or  less  amouul,  bi'twecii  the  equiva- 
lent  numbiT  as  inferred  from  the  oxide  and  from  ibc  sulphuret;  but 
the  coincidence  is  still  suflicienlly  near  to  allow  us  to  consider  the 
deviation  as  arising  from  unavoidable  errors  in  experiment,  and  not 
from  any  defect  in  the  method  of  induction. 
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Mt-tallic  Bulpburuts  can  only  be  partially  decompOMd  b;  IkkI: 
and  though  this  assertion  appears  to  he  contradicira  by  tbe  cAeI 
of  roasting  thcsi:  compounds,  yet  it  ia  to  lie  considcrvd  UiU  U» 
metula.  when  heated  with  the  contact  of  air,  abourb  oxy^OB.  and 
thus  lose  titeir  aSiqlty  for  sulphur-  TliC  sulphuKt  of  one  metal 
may,  in  many  instances,  be  dccomposui  by  anotber  inct«L  Thai 
when  sulphurct  of  mercury  is  distilled  with  a  proper  proporliun  of 
iron  filings,  ilic  sulphur  passes  to  the  iron,  and  the  mercury  corau 
over  in  a  metallic 


When  any  metal,  which  decomposes  water  at  ordinarv  tein|if 
ide  to  Fombtne  atom  to  atom  with  sulnhur,  i  ""' 

.  ibc  elements  of  thai  fluid. 


ratures,  is  made  to  pombine  a 


>u1phi 


met^ 


an  atom  of  oxygen  from  an  atom  of  watei",  and  the  disengaged  atom 
of  hydrogen  forms,  with  an  ajom  of  sulphur,  an  atom  ofsulphuret- 
cd  hydrogen.  When  a  diluted  acid  is  employed,  the  same  changes 
take  place ;  and  also  the  newly  formed  oxide  unltca  with  its  equi- 
valent of  acid.  All  this  is  well  illustrated  by  the  action  of  sulpbu- 
ret  of  potassium  on  water. 

Concentrated  sulphuric  acid,  with  the  assistance  of  heat,  acts 
Upon  metallic  sulphurets,  and  is  converted  into  sulphurous  acid, 
which,  being  volatile,  escapes.  (BcrthoUet,  Annales  de  Chimie, 
XXV.  S5C.)  Metals  which,  in  their  separate  state,  were  dissolved 
by  dilute  sulphuric  acid,  continue  sensible  to  its  action,  after  being 
combined  with  sulphur.  When  dilute  sulphuric  acid,  however, 
acts  dp^uch  compounds,  instead  of  hydrogen  gas  simply,  we  ob- 
tain aniphuretcd  hydrogen.  It  is  chiefly  the  compounds  witb  the 
minimum  of  sulphur,  that  produce  this  cflect ;  for  the  per-tuiphurtf, 
or  those  containing  the  maximum  proportion  of  sulphur,  resist  the 
action  of  dilute  sulphuric  acid;  or,  if  soluble,  their  solution  is  ac- 
companied with  a  separation  of  sulphur. 

Concentrated  muriatic  acid  has  no  effect  on  sutphurcts;  but  tbc 
diluted  acid  acts  like  the  diluted  sulphuric.  Nitric  acid  is  decom- 
posed by  the  metallic  sulphurets;  nitrous  gas  is  disengaged;  and 
sulphur  is  precipitated.  (Vauquelin,  loc.  cit.  63.)  In  this  case, 
though  all  citric  acid  contains  water,  yet  sulphureted  hydrogen  is 
not  formed,  because  the  acid  yields  its  oxygen  more  easily  than  tkc 
water. 
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Caustic  alkalies  decompose  all  the  proto-sulphurcu ;  and  bo  also 
do  the  alkaline  carlionatet,  but  only  at  a  red  heat  and  when  in  con- 
tact with  charcoal  The  phenomena  and  results  of  this  mutual  ac- 
tion have  been  well  studied  by  Berthier,  and  explained  in  a  memoir 
in  the  Ann.  de  Ch.  et  de  Ph.  xxxiii.  154. 

Sulphurcts,composcd  of  metals  which  powerfully  attract  oxygen, 
and  the  oxides  of  wliich  have  moreover  an  affinity  for  sulphuric 
acid,  absorb  oxygen  fi-um  the  atmosphere,  and  pass  to  the  state  of 
ndphutea.  In  this  way  most  of  the  sulphate  of  iron  is  formed,  which 
occurs  in  commifrce.  But  if  the  mcta,l  has  either  a  strong  affinity 
for  sulphur,  or  a  weak  one  for  oxygen,  then  the  conversion  into  a 
sulphate  does  not  happen,  as  in  the  sulphureta  of  copper,  antimony, 
and  mercury.  (Berthollct,  loc.  cit.  25G.)  That  sulphuret  of  iron, 
which  contains  a  full  proportion  of  sulphur,  resists,  also,  the  con- 
joined action  of  air  and  moisture.  * 

S.  In  general,  the  metals  have  a  stronger  affinity  than  their  ox- 
ides for  sulphur;  but  there  are  a  few  cases,  in  which  certain  me- 
tals arc  said  to  l>c  incapable  of  combining  with  sulphur,  till  they 
are  broujfht  into  the  stale  of  oxides.  These  arc  chiefly  sine,  mer- 
cury, and  nian^^ancse,  the  compounds  of  which  with  sulphur,  if 
they  can  l>c  shown  to  exist  at  all,  may  be  called  iiilphiirdcd  oriilet.* 
Other  metals,  also,  are  capable  of  affording  similar  compounds: 
but  in  general  their  affinity  for  sulphur  diminishes,  in  proportion 
to  the  (|uantity  of  oxygen  which  they  hold  in  combination. 

Sulphureted  oxides  act  on  acids,  somewhat  ditVei-ently  from  the 
mere  sulphurcts.  If  the  metal  be  only  uxidiced  at  its  minimumt 
they  yield  sulphurcted  hydrogen  with  diluted  muriatic  and  sulphur 
ic  acids,  and  nitrous  gas  with  nitric  acid.  But  in  their  perfectly 
oxidized  state,  the  oxides  dissolve  without  clTervescence,  and  the 
sulphur  remains  unaltered. 

S.  Sulphurctcd  hydrogen  enters  into  combination  with  a  few  of 
tlic  metals,  with  mercury  and  silver  for  example;  but  it  unitt-s,  in 
general,  more  readily  and  permanently  with  their  oxides.  I-'ron 
such  com]>ounds,  the  sulphurctcd  hydrogen  is  detached  in  a  gase- 
ous state  by  some  concentrated  acids,  which  sciEC  the  metallic  ox- 
ide. Most  of  the  sulphureted  oxides,  also,  undergo,  in  process  of 
time,  spontaneous  decomposition,  in  consctiuencc  of  the  union  of 
the  hyilrogen  and  oxygen  which  they  contain,  and  which,  by  com- 
bin;ition,  form  water.  When  this  happens,  the  oxide  is  pvtly  re- 
duced, and  the  sulphur  unites  with  the  deoxidized  metal.  Hence  the 
same  sulphureted  oxide  varies  in  composition,  according  to  the 
period  which  has  elapsed  since  its  preparation. 

When  we  precipitate  a  metallic  solution  by  sulphureted  hydrogen 
either  alone,  or  by  its  compounds  with  alkalies,  we  obtain  in  the 
first  case,  a  metallic  sulphuret;  in  the  second,  a  hydro-sulphuret. 

■  Vsuiiudin  uMrts  (Ann.  deCfaim.  etdc  liUji.  v.  6,}  ihKtthenxidcinf  nun- 
{.rancsc  sikI  iron  are  iIccompoMil  by  sulpliur,  mil  tlttl  true  melatliE  lulphuTCti 
an:  formed i  and  Heraeliui  in  decidedly  M  opinion  tliat  Milphur  cannot  unite  willi 
an  uiidized  hiidy.    But  Arfwcdson  concdvea  thit  fae  h>*  establinhed  the  exist- 
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In  llie  first  cast,  ihc  hydrogen  of  ihc  sulpliunrtifd  hydrogen  Ukt« 
all  Oic  oxjgcn  of  the  oxide ;  awcl  the  sulphur  foraiM  u  lr«c  sulphurrt 
with  the  reduced  meial.  In  ihe  second  taaf,  thii  suljihuirlcd  hydro- 
ften  unilea  directly  with  the  oxide,  wilhoul  decomposing  il,  and  lU 
pioporlion  is  such  that  the  hydrogen  is  sufficient  to  naiurate  all  the 
oxygtrn  of  the  oxide.  The  quantity  of  hydrogen,  tlien,  which  is  do- 
dtroyct],  or  may  be  destroyed,  depends  on  Uic  state  of  oxidizcmoiE 
of  the  metal,  and  so  also  does  the  quantity  of  sulphur.  Now  since 
metals  are  susceptible  of  oxidation  in  only  a  few  <leienuiiiate  de- 
grees, it  follows  that  by  precipitation  a  of  this  kind,  we  may  obUn 
metallic  sulphurcts  with  fixed  proportions,  which  may  be  ca^ly 
calculated  from  the  known  ijuantity  of  oxygen  in  the  oxide,  mmI  llw 
known  composition  of  aulphurcted  hydrogen.  (CJujr  l.uuac,  M^ 
TOoires  d'Ai-cueil,  ii.  175.) 

*  4.  Mydrogureted  sulphurets  of  metals  and  ihcir  oxides  may  be 
obtained  by  precipilaling  inclalUc  holutions  with  the  hydngarelnl 
HulphuTvts  of  alkalies.  In  sulphurcted  oxide*,  the  metal,  swlphnr, 
hydrogen,  and  oxygen,  exist  in  atomic  propwrtioni,  so  th«  the 
oxygen  is  precisely  suflicieni  to  change  the  sulphur  inlu  acid,  the 
tnelal  into  protoxide,  anil  the  hydrogen  into  water.  Btil  if  the  af- 
finity of  the  metal  for  oxygen  be  inlerior  to  that  of  hydrogen,  the 
oxide  is  then  reduced,  and  water  and  a  sulphurel  an:  gcneratrtl. 
Thus  the  alkalies,  the  earths,  and  the  protoxides  of  uuc  and  mi»- 
Rancse,  afford,  with  sulphurcled  hydrogen,  saline  combinaliont; 
but  the  o%ido3  of  lead  and  copper  are  decomposed  bv  ii,  (Berec- 
lius,  79  Ann.  Ch.  I2y.J 

It  had  been  generally  supposed  that  metals,  which  have  a  great 
afTihity  for  oxygen,  and  which  decompose  water  (as  manganese, 
iron,  zinc,  uranium,  nickel,  cobalt,  &c.)  are  not  precipitated  from 
their  solutions  by  sulphurctcd  hydrogen,  except  with  the  concur- 
rence of  double  affinities.  Gay  Lussac,  however,  has  shown  (311 
Ann.  de  Chim.  '2f(5)  that  the  compounds  of  these  metals  with  the 
weaker  acids  (as  tlie  acetic,  tartaric,  and  oxalic)  arc  decomposed 
by  sulphuretcd  hydrogen,  and  produce  hydrO'Sulphurets  of  the  re- 
spective metals.  When  a  still  weaker  solvent  of  the  metal  is  cm- 
ployed,  the  de  com  position  is  more  easily  cffectetl.  Thus  the  am- 
moniurcts  of  iron,  nickel,  Sec,  are  entirely  decomposed  by  that 
gasj  and  this  furnishes  an  excellent  process  for  obtaining  pure  hy- 
dro-aulphurets  i  for  the  alkaline  hydro-sulphurets,  commonly  ejn- 
ploycd  for  this  purpose,  are  almost  always  contaminated  with  sul- 
phur in  excess.  Those  inetals,  which  are  not  precipitahle  by  sul- 
phuretcd hydrogen,  become  bo,  when  acetate  or  polassa  is  addcdiu 
their  solutions. 

V.  Several  metals  have  an  affinity  for  phosphorus,  and  form  a 
class  of  com{)ounds  called  mktaluc  piiospiiunRTs.  The  beat  me- 
thod of  effecting  this  combination  is  to  expose  the  metals  to  hcii, 
in  contact  with  phosphoric  acid  and  charcoal.  The  charcoal  dt- 
privcs  the  phosphorus  of  oxygen;  and  the  deoxygenized  phospho- 
rus unites  with  the  metal.  Metals,  however,  that  have  a  strong  at 
finity  for  oxygen,  decompose  the  phosphoric  acid,  and  unite  with 
Its  base,  without  the  intervention  of  charcoal.    The  metallic  phot- 
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phuretA  have  not  hitherto  been  applied  to  any  uscftil  purpose ;  and 
It  18  sufficient,  therefore,  to  refer  to  the  description  of  them  by  Pel- 
Ictier,  in  the  first  and  thirteenth  volumes  of  the  Annates  de  Chimie, 
and  to  a  Memoir  by  Rose,  in  t)ic  Ann.  dc  Ch.  ct  dc  Ph.  Feb.  and 
Aug.  1827. 

VI.  There  is  one  compound  body  for  which  the  metals,  in  their 
metallic  state,  have  a  strong  affinity,  viz.,  Cvanocbn.  With  this 
compound  of  carbon  and  nitrogen  they  constitute  eyanureta  or  <^- 
onifK*,  which  have  the  property  of  decomposing  water,  the  cyano- 
gen forming  with  its  hydrogen  hydro-cyanic  acid,  while  the  metal- 
lic base  with  its  oxygen  constitutes  an  oxide.  This  is  precisely 
analogous  to  what  takes  place  with  chlorides.  For  metallic  oxides, 
cyanogen  appears  to  have  very  little  affinity,  and  it  forms  with  them 
unstable  compounds. 

VII.  The  compounds  of  metals  with  carlion  are  called  carbu- 
rets. That  of  iron,  and  carbon,  the  properties  of  which  vary  ac- 
cording to  the  proportion  of  the  two  ingredients,  is  the  only  one 
of  importance.    It  will  be  described  in  its  proper  place. 

Vin.  The  metals  are,  for  the  most  part,  capable  of  uniting 
with  each  other.  For  this  purpose,  they  require  to  be  brought  into 
a  state  of  fusion;  and,  even  when  melted,  considerable  care  is  ne- 
cessary to  form  a  permanent  compound.  If  one  metal  is  consider- 
ably heavier  than  the  other,  it  is  apt  to  sink  to  the  bottom  of  the 
fluid  mass.  Nothing  can  show  this  in  a  more  striking  manner* 
than  a  fact  which  has  been  stated  by  Mr.  Hatchetu  lie  found  that 
when  gold,  which  has  been  melted  with  a  proportion  of  copper  or 
other  mcials,  is  cast  into  bars,  the  moulds  tor  which  are  placed 
vertically,  the  lower  part  of  the  bar  contains  more  gold  in  propo^ 
tion  than  the  upper  parL 

There  are  a  few  of  the  metals  that  do  not  unite  by  being  fused  to- 
gether. This  is  the  case  with  lead  and  iron ;  but  even  in  such  cases 
wc  arc  scarceljr,  perhaps,  entitled  to  deny  all  affinity;  for  some  of 
the  metals,  which  were  formerly  thought  incapable  of  combination, 
have  been  made  to  combine  by  circuitous  processes.  This  is  the 
fact  with  respect  to  iron  and  mercury.  (Aikin,  in  Philosophical 
Magazine.) 

In  the  new  nomenclature,  the  word  alloy  Is  retained  afl  a  cene- 
ral  term  for  all  combinations  of  metals  with  each  other;  iBd  the 
specific  name  is  derived  from  that  of  the  metal,  which  prcvailt  in 
the  compound.  Thus  in  the  alhy  ^  goid  with  niver,  the  gold  is 
to  be  understood  as  being  in  greatest  proportion ;  in  the  alloy  cf 
lUoer  with  gold,  the  silver  is  the  principal  ingredient.  The  com- 
pounds of  iqercury  with  other  metals,  at  a  very  early  period  of 
chemistry,  were  called  amalgams,  and  as  the  name  does  not  lead 
to  any  erroneous  notions,  it  may  still  be  retained  (o  denote  this  sort 
of  alloy. 

The  roetaU  in  general  have  been  supposed  capable  of  uniting 
with  each  other  in  unlimited  proportions;  but  a  careful  examina- 
tion of  (hose  alloys,  which  are  characterized  by  peculiar  proper- 
ties, and  adapted  to  specific  uses,  has  shown  thai  such  compounds 
are  definite,  and  fall  within  the  general  laws  of  the  atomic  system. 
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This  proposition  h»  been  ably  maintsincd  by  Berzielitm  u  W«D  u 
by  nahoii.  Potassium,  the  former  tibwrves,  jjive*  vriUi  mrrcurr 
iwa  crysullizcd  conipiiunds  "tic  of  vrhtch  contaitia  twice  ns  tnucb 
polaKsium  as  the  other.  The  arbor  Diana'  is  a  rlefmitn  einnpouiHl 
of  silver  ttiid  mtrcury.  When  zinc  and  copper  Hrp  diKiillcd  loge- 
thcr.  0  certain  (luantity  of  unc  comes  over,  but  ihc  rest  ctinnot  be 
rnised  by  heat.  I-'rom  n  fused  mixture  iif  antimony,  iron,  and  oop* 
per  with  much  tin,  metallic  cryutals  separate  on  cuoling.  conbtit- 
ini;  fixed  proporlionaof  the  component  metals.  Whcncvtr,  Indeed, 
the  new  compound  haa  an  opportunity  of  Ri^p&ratiDg  from  the  fiued 
rnnsK,  it  appears  to  l>c  fontied  in  est nbli.i heel  pronunjona. 

Itycombination  with  each  other,  the  metals  underRo  a  can<lilei«' 
ble  change  of  properlieii,  and  acquire  iieir  ones,  not  obwrvxMe  in 
the  acpnrolc  metals. 

1,  'ihe  specific  gravUy  of  an  niloy  is  seldom  the  mean  oflhocc  of 
its  c.oinpouein  pans.  Thus  an  nIloy  of  siUer  with  copper  or  (in, 
or  unc  of  silver  or  ^Id  with  lead,  has  a  greater  than  (he  mean 
specific  gravity.  Au  alloy,  also,  of  silver  with  mercury.  tho«gh 
the  former  metal  is  specifically  lighter  than  the  latter,  ponecMa 
■o  much  acquii-cd  density  as  to  sink  in  quicksilver.  In  atbcr  ca- 
wa,  on  the  contrary,  the  specific  gravity  of  the  compound  fall* 
short  of  the  mean  of  that  of  its  components,  or  there  appears  to  be 
a  dcgret!  of  dilatation,  as  in  tlie  alloys  of  gold  with  copiier,  iroo,  or 
tin;  and  of  tin  with  lead.  In  Ihe  last  case,  for  example,  llli  parts 
of  tin  and  104  of  lead  should  give  a  compound  of  sp.  gr.  9.321, 
but  the  real  sp.  gr.  uf  the  alloy  is  only  8.Bir,  showjny  thai  an  fv- 
pansion  has  attended  the  union  of  those  two  metals.  (Thomson's 
First  I'rinc.  i.  39.) 

3,  The  ductUily  and  malkabilily  of  metals  is  generally  chan^d 
by  being  alloyed  together;  and,  lor  the  most  part,  these  qualities 
ar«  impaired.  Kven  two  metals,  which  separately  are  both  mal- 
leable and  ductile,  may  be  I'endered  brittle  by  combination.  This 
is  very  remarkably  the  case  with  an  alloy  of  gold  and  lead,  the 
latter  of  which,  even  in  the  trivial  proportion  of  half  a  grain  to  an 
ounce  of  gold,  renders  the  alloy  (|uite  dcsliiute  of  tenacity ;  and  au 
alloy  of  platinum,  copper,  and  zinc,  though  eminently  ductile  and 
malleable,  is  rendered  brittle  by  a  quantity  of  iron  not  exceeding 
half  a  grain  in  four  ounces  of  the  alloy.  (Quart.  Journ.  ilL  11%) 
In  such  cases,  it  lias  l>een  supposed  that  a  true  chemical  union 
does  not  lake  place,  and  that  the  newly  added  metal  is  merely 
mechanically  interposed  iKiween  the  particles  of  the  other,  the  co- 
hesion of  which  it  thus  impairs.  This  explanation,  however,  can 
scarcely  be  admitted  as  sutislactory ;  and,  among  other  arguments 
in  proof  of  the  esisience  of  chemical  union,  it  may  i>e  remarked, 
that  gohl  is  rendered  brittle  by  lieing  kept  in  fusion  in  the  vicinity 
of  melted  tin,  the  vapour  of  which  it  seems  capable  of  attracting;. 

3.  The  hardntM  of  metals  is  varied  by  combination.  Ciold,  by  com- 
bination with  a  small  quantity  of  copper,  and  silver  by  a  minme 
proportion  of  the  same  metal,  acquire  such  an  increase  of  hardness, 
that  these  additions  are  always  made  to  gold  or  silver  which  is  lu 
be  exposed  to  wear.     By  a  small  addition  of  gold,  iron  is  said  to 
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^in  8o  much  hardness,  as  to  be  even  superior  to  steel  for  the  fa- 
brication of  cutting  instruments. 

4.  Change  of  colour  is  a  common  effect  of  the  combination  of 
metals  with  each  other.  Arsenic,  for  example,  which  resembles 
steel,  and  copper,  which  has  a  red  colour,  afford  by  their  union  a 
compound  which  has  nearly  the  whiteness  of  silver. 

5.  The  fujtihilifi/  of  compound  metals  is  different  from  what 
might  have  been  inferred  from  that  of  their  components.  Platinum, 
for  example,  is  rcTidered  easily  fusible  by  arsenic,  and  a  compound 
of  lead,  tin,  and  bismuth,  melts  at  a  temperature  below  that  of  boil- 
ing water,  though  the  most  fusible  of  the  three  (tin)  requires  for 
its  fusion  a  much  higher  degree  of  heat  than  21 2^  This  is  the 
principle  of  Hohlem. 

6.  Metals  have  their  vohttility  increased,  by  being  combined  with 
other  metals  which  are  more  volatile  than  themselves,  (iold,  sepa- 
rately, requires  an  intense  heat  for  its  volatilization ;  but  when  an 
amalgam  of  gold  with  mercury  is  distilled,  a  quantity  of  gold  pass- 
es over  with  the  quicksilver. 

7.  By  chemical  union  with  each  other,  the  metals  have  their 
tendency  to  combine  with  oxyf^en  considerably  increased,  partly  in 
consetpience  of  the  diminution  of  their  cohesion,  but  in  some  cases, 
in  consequence  of  their  forming  a  galvanic  combination.  I^^ad, 
when  amalgamated  with  mercury,  is  oxidized  by  merely  shaking 
the  compound  with  water.  Lead  and  tin,  melted  together,  acquire 
such  an  increase  of  affmity  for  oxygen,  that,  at  the  moment  of 
combination,  they  actually  inflame.  By  the  oxidation  of  either  of 
the  ingredients  of  these  alloys,  the  compound  is  destroyed.  The 
oxiiie  of  lead,  for  example,  se])arates  from  mercury  in  the  form  of 
a  black  powder.  Hence,  also,  a  pellicle  of  oxide  is  generally  ob- 
served on  the  surface  of  melted  solders,  and  is  renewed  as  soon  as 
it  is  removed. 

8.  The  solubility  of  metals  in  acids  is  modified  by  their  combi* 
nation  with  each  other.  When  gold  is  alloyed  with  a  small  pro- 
portion of  silver,  the  latter  metal  is  protected  from  the  action  of 
the  nitric  acid ;  and,  in  order  to  render  it  soluble  in  that  acid,  it  is 
necessary  to  raise  its  proportion  to  one-fourth  the  weight  of  the 
alloy,  which  constitutes  the  process  of  quartatmu  In  a  similar 
manner,  in  order  to  render  tin  capable  ol  being  entirely  dissolved 
out  of  an  alloy  of  that  metal  with  antimony,  it  is  necessary  that  it 
should  constitute  2()  parts  out  of  21  of  the  alloy;  in  which  case  the 
tin  is  wholly  dissolved  by  l>oiling  with  muriatic  acid,  and  the  anti- 
mony is  left  untouched.  (Chaudet,  Ann.  dc  Chim.et  dc  Phys.  iii. 
382. ) 

From  a  comparison  of  the  resemblances  among  metals,  both  as 
to  physical  and  chemical  properties,  several  divisions  of  them  have 
l>een  contrived  into  smaller  classes.  I  know,  however,  of  no  ar- 
rangement, the  principle  of  which  is  not  liable  to  strong  objections, 
and  which  is  not  contradicted  by  so  many  exceptions,  as  to  set 
aside  the  nile.  The  circumstance,  on  which  subdivisions  of  the 
metals  have  been  generally  founded,  is  their  relation  to  oxygen, 
consisting  in  the  comparative  degrees  of  their  attraction  for  that 
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basis.  Itut  it  is  iiol  easy  lo  measure  the  dcgrccB  of  thoe  mttnc- 
lionai  nor  is  it  cloar  whether  via  arc  to  [leturmine  ittem  by  facility 
of  union,  or  by  difTiculty  of  dccompoftitioTi,  If  we  lake  tlic  property 
of  decomposing  water,  at  common  tempei-aturcs,  as  the  character 
of  an  order,  we  shall  find  that  the  metallic  bases  of  iu>mc  of  the 
earths  (glucinum  and  yttrium,  for  example)  do  not  pntMess  thai 
property ;  and  yet  the  close  analugy  of  their  oudes  with  other carllu 
renders  it  improper  to  place  their  metallic  bases  apart  frani  those 
which  act  powerfully  in  disuniting  the  ciemcnts  of  water.  Agala, 
combustibiJity  in  air,  at  ordinary  temperatures,  cannot  be  laJun  ai 
n  ground  of  classilicatiou ;  for  this  vanes  greatly  with  the  mechani- 
cal state  of  the  metal.  This  is  proved  by  the  interesting  remariu 
of  Magnus,  showing  that  metals,  not  otherwise  spontaneously  rnm- 
buslible,  become  so  when  revived  in  a  spongv  or  linclf  dittded 
form.  (Ann.  de  Chlm.  et  do  Ph.,  xsx.  103.)  Under  ti>e»e  clrcvm- 
Btanccs,  I  shall  omit  alt  minuter  divisions,  and  adopt  tlkc  old  ar- 
rangement  of  ihem  into  two  classes! 
Class  I.     Mien 

^nCKI>  TO  A 
RLZ  MATI-EH. 

Class  II.     Mittals,  the  oxides  op  which  mat  bk  DBcouroUD 

BT  HKAT  ONLY. 

The  first  is  the  most  comprehensive  class,  and  includes,  indeed, 
all  the  metals,  with  the  exception  of  mercurj',  silver.  koUI,  plati- 
num, palladium,  rhodium,  iridium,  osmium,  and  nickel.  TJif«- 
nine  mctuls  compose  the  second  class. 


CLASS  I. 


Of  PoUusittm. 

This  metal  was  discovered  by  Sir  II.  Davy  in  1807,  and  was  ob- 
tained from  a  compound  of  potassium  and  oxygen,  which  will  be 
described  in  this  section  under  the  name  of  poiassa.  To  this  dii* 
covery  he  was  le<l  by  a  train  of  inductive  reasoning,  which  is  noi 
surpassed  by  any  investigation  in  the  history  of  ibc  physical  science*. 

l-'rom  the  facts  which  have  been  slated  in  a  former  section,  re- 
specting the  powers  of  electrical  decomposition,  it  appeared  lo  be 
a  natural  inference,  that  the  same  powers,  if  applied  in  a  slate  uf 
the  highest  possible  intensity,  might  disunite  the  elements  of  somi' 
bodies,  which  had  iTsisled  all  oilier  instruments  of  analysis.  If  po- 
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tassa^  for  example,  were  aii  oxide,  composed  of  oxygen  united  to 
an  inflammable  base,  it  seemed  probable  that,  wl^n  subjected  to  the 
action  of  opposite  electricities,  the  oxygen  would  Ix;  attracted  by 
the  positive  pole  and  repelled  by  the  negative.  At  the  same  time, 
the  i-everse  process  might  l>e  expected  to  take  place  with  respect 
to  the  combustible  base,  the  appearance  of  which  might  be  looked 
for  at  the  negative  pole. 

In  his  first  experiments,  suggested  by  these  views,  Sir  H.  Davy 
failed  to  effect  the  decomposition  of  potassa,  owing  to  his  employ- 
ing the  alkali  in  a  state  ol  aqueous  solution,  and  to  the  consequent 
expenditure  of  the  electrical  energy  in  the  mere  decomposition  of 
water.  In  his  next  trials,  the  alkali  was  liquefied  by  heat  in  a  pla- 
tinum dish,  the  outer  surface  of  which,  immediately  under  the  al- 
kali, was  connected  with  the  zinc  or  positive  end  of  a  battery  con- 
sisting of  10()  pairs  of  plates,  each  six  inches  scjuare.  In  this  state, 
the  potassa  was  touched  with  a  platinum  wire  proceeding  from  the 
copper  or  negative  end  of  the  battery;  when  instantly  a  most  intense 
light  was  exhibited  at  the  negative  wire,  and  a  column  of  flame 
arose  from  the  pointof  contact,  evidently  owing  to  the  development 
of  combustible  matter.  The  results  of  the  experiment  could  not, 
however,  be  collected,  but  were  consumed  and  dispersed  immedi- 
ately on  1)eing  formed. 

The  chief  difficulty  in  subjecting  potassa  to  electrical  action  is, 
that  in  a  perfectly  dry  state  it  is  a  complete  non-conductor  of  elec- 
tricity. WJjen  rendered,  however,  in  the  least  degree  moist  by 
breatliing  on  it,  it  readily  underg^s  fusion  and  decomposition  by  the 
application  of  strong  electrical  powers.  For  this  purpose,  a  piece 
of  potassa,  weighing  from  60  to  70  grains,  may  be  placed  on  a 
small  insulated  plate  of  platinum,  and  may  be  connected,  in  the  way 
aln^ady  described,  with  the  opposite  end  of  a  powerful  electrical 
battery,  containing  not  less  than  100  pairs  of  six-inch  plates.  On 
establishing  the  connexion,  the  potassa  will  fuse,  at  both  places 
where  it  is  in  contact  with  the  platinum.  A  violent  effervescence 
will  be  seen  at  the  upper  surface,  arising,  as  Sir  H.  Davy  ascertain- 
ed, from  the  escape  of  oxygen  gas.  At  the  lower  or  negative  sur- 
face, no  gas  will  be  liberated;  but  small  bubbles  will  appear,  having 
a  high  metallic  lustre,  and  being  precisely  similar  invisible  charac- 
ters to  quicksilver.  Some  of  these  globules  bum  with  an  explosion 
and  bright  flame ;  while  others  are  merely  taniished,  and  arc  pro- 
tected from  farther  change  by  a  white  film,  which  forms  on  their 
surface.* 

This  production  of  metallic  globules  is  entirely  independent  of 
the  action  of  the  atmosphere;  for  Sir  H.Davy  found  that  they  may 
be  produced  in  vacuo. 

To  preserve  this  new  substance,  it  is  necessary  to  immerse  it 
immediately  in  pure  naphtha^  a  fluid  which  will  be  described  in  a 
subsequent  part  of  the  work ;  for  if  exposed  to  the  atmosphere,  it 
is  rapidly  converted  back  again  into  the  state  of  potassa.    To  prc- 

*  For  the  repetition  of  this  experiment,  very  uacful  practical  dircctiuna  may 
be  iuund  in  s  paper  by  Mr.  Singer.:— Nicbulion's  Journal,  xsiv.  174. 


vtiil  iU  oxiduuuii  slill  more  vflccUiEtll)-,  Mr.Pcpya  propoMd to pny  i 
ducc  it  under  iiaphiha,  iiiid  cunlrived  uu  in^uiciUB  aMWrUU  for  ' 
this  purpuae,  which  ia  described  m  the  31st  Tolumc  of  tbc  P1nl» 
sophicol  Maguzihc,  page  241. 

Nolliini;,  then,  can  be  more  satisfactory  than  the  evidence  fttP- 
aished  bjr  these  <:xpcrimciits,  of  the  nature  ufoiie  of  the  fixed  allL*- 
lies.  By  the  powerful  agency  of  opposite  eleClrieiiJes,  h  is  rcKilTed 
into  oxygen  and  a  peculiar  baiK^  This  base,  like  other  combmitbtc 
bodies,  is  repelled  by  positively  electrified  Rurfuces,  andattncied 
bj' negative  uties;  and  hence  its  own  natural  Mate  of  dccuicilf 
must  necessarily  be  positive.  Again,  by  uniting  with  oxygen,  it  ii 
once  more  changed  into  alkali,  either  slowly  nt  ordininr  tempen* 
turcs,  or  with  heai  and  light  at  high  tempera luita.  We  have  ike 
evidence,  therefore,  both  of  analysis  and  synthesis,  that  pouua  U 
a  compound  of  mygcn  with  a  peculiar  ioAammahi*:  buii. 

In  assigning  to  this  newly  discovered  subslitncc  » tit  pbc«  junnii^ 
the  objccikof  cheniistry,SirlI. Davy  wa>  induced  tu  cbuaUu&anK 
the  metals,  because  it  agrees  with  them  in  opacity,  lyure,  rndka- 
bllity,  conducting  [Mwera  as  to  heatandeleclrtcity,  andiBilxiaali- 
tics  of  chemical  combination.  The  only  property,  whicK  can  be 
urged  tigainsl  this  arrnngetucnt,  is  its  extreme  'c»itr,  whidi  e»e« 
exceeds  that  of  water.  But,  when  we  compare  the  diHcrences  which 
exist  among  the  metals  themselves,  this  will  scarcely  be  conudcrcd 
aa  a  valid  objection.  'I'tllurium,  for  example,  which  no  chemiM  heat- 
tales  to  consider  as  a  metal,  is  only  about  sis  times  hcuicr  than  the 
base  of  potabsa,  while  it  is  four  times  lighter  than  platinum  ;  thus 
formiiij,'  a  sort  of  link  between  the  old  metals  and  the  bases  of  the 
alkalies. 

In  giving  names,  therefore,  to  the  alkaline  bases,  Sir  H.  Davy 
has  adopted  that  termination,  which,  by  common  consent, has  been 
applied  to  other  newly  discovered  metals,  and  which,  though  ori- 
ginally Latin,  is  now  naturalized  in  our  lanijuage.  The  base  of  po- 
tassa  he  has  called  i'otassk'm,  and  the  base  of  soda  sodil'm  ;  and 
these  names  have  met  with  universal  acceptation  among  chemical 
.  philosophers. 

rrocr»s  for  prfparing  I'olastititn. 

It  is  not  by  electrical  means  only,  that  the  decomposition  of  po- 
taaaa  has  been  iflei  led.  Soon  after  Sir  H.  Davy's  discoveries  were 
known  at  I'aris,  Messrs.  (iay  l.ussac  and  Thenard  succeeded  iB 
their  attempts  lu  decompose  l)oth  the  fixed  alkalies,  without  the  aid 
of  a  Voltaic  apparatus,  by  bringing  the  alkalies  into  contact  with 
intensely  heated  iron,  which,  at  this  temperature,  attracts  oxygca 
more  .itrongly  than  tlie  alkaline  base  retains  it.  (Menioircs  d'.A;* 
cucil,  ii.  £yu.)  The  apparatus,  used  by  them  for  obtaining  potassium, 
has  a  general  resemblance  to  that  which  is  employed  for  decompos- 
ing water  by  means  of  iron.  In  the  former  editions  of  this  work,  it 
was  described  .ind  repivsenled  by  a  plate;  but  it  has  been  since 
superseded  by  other  contrivances  of  greater  simplicity,  which  do 
not  require  so  iutcnsc  a  degree  of  heaL  M.  Uniniier  (^uart.  Jouni' 
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xv«  279,)  employs,  for  the  purpose  of  a  retort,  a  spheroidal  iron 
bottle,  about  half  an  inch  in  thickness,  and  capable  oiholding  about 
a  pint  of  wattT,  into  the  shorter  end  of  which  a  gun-barrol,  bent  into 
this  form  (/')  is  screwed.  When  the  retort  is  charged  and  luted,  it 
is  placed  in  a  furnace,  so  that  the  longer  leg  of  the  bent  gun-barrel 
may  pass  out  at  the  bottom  or  in  front,  in  a  direction  nearly  per- 
pendicular, the  bent  part  itself  remaining  in  the  furnace,  and  being 
wound  round  with  iron  wire  to  protect  it  from  the  fire.  The  receiver 
is  a  cylindrical  copper  vessel,  with  an  opening  at  the  top  to  admit 
the  end  of  the  gun-barrel,  and  a  tube  passing  from  the  side,  to  con- 
vey away  the  gas  produced  in  the  operation.  It  is  placed,  when  in 
use,  in  water  or  in  ice.  The  decomposition  of  the  potassa,  M. 
Brunner  finds,  is  greatly  facilitated  by  employing  charcoal  along 
with  the  iron.  Into  the  retort,  after  being  cleaned,  dried,  and  heat- 
ed, 4  ounces  of  solid  caustic  potassa  were  introduced,  in  small  por- 
tions, alternately  with  6  ounces  of  iron  turnings,  broken  in  a  mortar 
and  mixed  with  1  ounce  of  pulverized  charcoaL  The  whole  was 
stirred  together,  and  covered  with  2  ounces  of  iron  turnings ;  and 
the  retort  being  luted,  and  the  barrel  adapted,  the  fire  was  lighted 
and  gradually  raised.  In  half  an  hour,  the  green  vapours  of  potas- 
sium appeared  in  a  glass  tube,  which  had  been  attached  to  the  end 
of  the  barrel  for  the  purpose  of  watching  the  process.  The  receiver 
containing  naphtha  was  now  applied,  so  that  the  end  of  the  barrel 
dipped  into  tlie  fluid.  An  immense  production  of  gas  took  place, 
which  frequently  took  fire  spontaneously,  and  burned  with  a  violet 
flame  and  white  fumes.  In  twenty-five  minutes  from  the  application 
of  the  receiver,  tlie  gas  diminished  in  quantity,  and  soon  entirely 
ceased  coining  over.  The  receiver  was  then  separated,  and  found 
to  contain  150  grains  of  potassium.  Eight  ounces  of  fused  sub-car- 
bonate of  potassa,  6  ounces  of  iron  filings,  and  2  ounces  of  charcoal, 
similarly  treated,  gave  140  grains  of  potassium.  Crude  tartar  (im- 
pui-e  bi-tartrate  of  potassa)  was  found  also  to  yield  potassium  in 
the  proportion  of  150  grains  from  1£  ounces  of  tartar.  The  substi- 
tution of  the  two  last-mentioned  salts  makes  the  process  much  more 
economical;  and  the  employment  of  charcoal  renders  so  much  lower 
a  heat  necessary  than  for  the  dommon  method,  that  the  same  retort 
served  for  as  many  as  thirty  operations. 

The  preparation  of  potassium  has  been  farther  improved  by  M. 
Wohler,  or  Berlin.  The  apparatus,  which  he  employs,  is  described 
in  the  Annales  de  Mines,  xii.  175,  and  in  the  Quart.  Joum.  xxii. 
80G,  from  the  latter  of  which  the  annexed  cut,  and  much  of  the 
description,  ai*e  copied.  I  am  enabled,  also,  by  the  kindness  of  a 
friend  (Dr.  Fleming,  of  Manchester),  who  had  an  opportunity  of 
seeing  the  process  performed  at  Berlin,  to  supply  the  omission,  in 
the  account  alluded  to,  of  a  few  details  which  may  tend  to  facilitate 
the  operation. 

The  furnace.  No.  1,  is  about  four  feet  high,  and  nearly  two  feet 
square.  The  bars  of  the  grate  stand  a  little  above  the  level  of  the 
floor,  and  rest  upon  a  bearer,  by  the  removal  of  which  they  may 
be  made  to  fall  down  together,  and  thus  the  fire  may  be  removed 
at  an  V  required  moment.  The  draught  of  air  is  from  a  room  below. 
Vol-  I.  3  K 


About  the  middle  of  the  front  of  the  furnace  at  d  is  a  B<]un  hole, 
capable  of  containing  two  bricks,  and  within  the  body  tif  tbe  fur- 
nace, a  little  below  the  ubovc'inenlioned  opening,  arc  two  ban  of 
iron,  placed  horizontaltf ,  and  dividing  the  space  within  the  (mtmut 
cquallv.    Two  other  bars  crass  these,  and  are  tied  lo  ihcm  by  im 


n  such  a 


D  mak^  a  finner  leat  for  the  retort  tkn 


by  a  single  brick  as  shown  in  the  cut.    The  retort  is  an  iron  b 
of  the  kind  used  for  containing  quicksilver.    A  square  plet 
stone  is  hgllowcd  to  rcicrivi;  the  tube  (a  piece  of  gun- 
barrel,  about  a  foot  long),  screwed  into  the  retort;  and  j 

a  brick  is  pbced  over  the  stone,  so  as  to  fill  up  the  | 

square  opening  mentioned  above.  The  whole  is  then 

covered  with  luting,  and  the  iron  bottle, 
tents,  is  placed  in  the  furnace,  as  rcprcs 

which  a  is  the  graie;  A,  the  flue;  »/,thc  square 


opei 

arte: 


ming  throu^^h  which  the  apparatus  is  introduced,  and  which  is 
rterwards  closed  and  luted  over;  c,  the  opening  for  introducing 


fuel;  but,  in  the  instance  witnessed  by  Dr.  I'lemitig,  the  fuel  (wood 
charcoal)  was  supplied  more  conveniently  through  a  hole  at  the 
top,(see  fig.  63,)  which  had  a  lid  funiished  with  hinges.  The  char- 
coal fire  was  at  least  four  inches  a1>ovc  the  top  of  the  retort,  and 
the  body  of  fire  perhaps  eiglit  inches  below  it. 

Tlie  receiver  (figs.  2  and  3)  is  the  invention  of  M.  Bericlius.  Ii 
is  a  foot  high,  G  inches  long,  about  4  inches  wide,  and  is  best  when 
made  of  strong  sheet  copper.  It  is  composed  of  two  pieces ;  No. 
2  is  of  such  a  size  as  to  pass  Into  No.  3  with  some  degree  of  friclioo. 
It  may  be  either  right-angled  or  elliptical.  The  part  No.  2  is  di- 
vided intu  two  equal  parts  by  a  diaphrag-m  a  a,  pierced  by  a  small 
hole  lif  on  the  same  line  with  the  tubulures  c  and  t;  and  on  one  of 
its  larger  faces  is  a  third  lubulure/,  by  which  (lie  gases  arc  allowed 
to  escape.  If  the  receiver  l>e  oval,  the  diaphragm  may  be  placed 
in  its  greater  <lianiet£i-.  Naphtha  is  put  into  the  receiver,  No,  -S 
till  almut  hair  full,  and  the  receiver  is  then  placed  in  a  wooden  trou^ 
containing  ice-water,  kepi  cold  by  fi-esh  additions  of  ice.    Lastly, 
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the  tuhulnrc  e  is  adapted  to  the  end  of  the  )*un-l>arrcl,  and  the  joint 
made  tight  by  a  little  lute,  if  necessary.  The  gas  generated  in  the 
retort  enteri  the  receiver  1>y  the  tubulurc  e,  and,  aa  It  is  oblif^  to 
pass  by  the  very  small  aperture  at  b,  it  deposits  the  greater  part  of 
lis  potassium  before  it  passes  out  by  the  lube/  It  also  (teposits  a 
cctain  portion  on  the  other  side  of  the  diaphragm;  and,  finally,  to 
collect  the  latt  portion  which  it  may  contain,  a  lart^  glass  tube  is 
connected  with  the  aperture  at  /,  and  its  extremity  generally  is 
plunged  into  naphtha.  The  gas  frequently  takes  fire,  and  must  be 
extinguished,  as  well  as  the  naphtha,  if  the  flame  abould  extend  to  it. 

The  operation  is  known  to  be  going  on  well  by  the  regularity  of 
the  current  of  gas  flowing  through  the  tube/,  the  cessation  of  wliich 
indicates  an  obstruction  of  the  gun-barrel  by  a  black  substance  ac- 
cumulating in  it,  probably  a  compound  of  potassium,  carbon,  and 
potassa.  The  tubulurc  e  is  then  to  Ik  opened,  it  being  generally 
closed  by  a  cork ;  and  by  passing  a  ramrod.  Flattened  at  one  end, 
through  the  apcrtnrcs  r,  b,  and  f,  the  tul>c  is  to  be  well  cleared  out. 
This,  though  (|Mile  necessary,  must  yet  l>e  done  carefully;  for  a 
sudden  rush  of  rus  through  the  openings  r,f,  might  cause  serious 
accidents.  M.  (imelin  places  the  diaphragm  nf  his  receiver  in  ths 
direction  of  its  length,  and  is  thus  cnabknl  to  introduce  the  blade 
of  a  sword,  by  which  he  can  clear  the  tube  l>etter  than  with  a  rod. 

The  tube  may  easily  be  clearetl  two  or  three  times,  but  at  length 
it  becomes  so  clogged  up,  that  the  proccsB  must  l>r  suspended,  by 
first  withdrawing  the  bars  of  the  grate,  and  letting  the  fuel  fall. 
Remove  the  retort,  unscrew  the  tul>e,  fill  it  with  naphtha,  and  de- 
tach tlie  substance  which  it  contains;  reunite  it,  replace  the  retort 
in  the  fire,  and  proceed  to  distil  the  remainder  of  its  contents.  In 
this  way  the  operation  may  be  repeated  thrive  or  four  times,  and, 
rising  from  -1  tu  l>  pounds  of  crude  tartar,  about  an  ounce  of  potas- 
sium will  be  obtained  each  time.  Ily  distilling  the  black  matter 
detached  from  the  iron  lube,  the  half  of  its  weight  of  poiasiuiim 
may  be  ubiainud. 

The  potassium,  prepared  with  charcoal,  always rontains  car)>on- 
aceous  matter,  and  retjuires  to  Itt-  purified  by  distilling  it  in  divided 
portions  from  a  glass  retort,  heated  tu  redness  in  a  sand-bath,  the 
neck  being  very  much  inclined,  and  plunged  into  a  vessel  full  of 
naphtha. 

In  tbe  iron  tube,  after  the  operation,  a  grey  substance  is  found, 
of  such  hardness  that  it  can  only  be  detarhetl  by  a  chisel.  From 
this  M.  (Inielin  extracted  an  acicular  urange-cotourcd  salt,  compos- 
ed of  potas^a  united  with  a  peculiar  acid,  to  which  he  has  given 
the  name  at  croatnie  arid.    (Quart.  Joum.  xxiL  208.) 

Proptrtitt  of  Potatnum. 

Potassium,  at  70°  I'ahr.,  exists  in  small  globules,  which  possess 
the  metallic  lustre,  opacity,  and  general  appearance  of  mercury; 
HO  that  when  a  globule  of  mercury  is  placed  near  one  of  potassium, 
the  eye  can  diBCovc^  no  difference  between  them.  At  this  icmpera- 
lurc,  however,  the  inctal  is  only  imperfectly  fluid  ;  but,  when  gradu- 


4^4  or  UBTAu.  ottAr.  ts> 

ally  hcalcdt  il  btcomcs  more  and  more  fluid  i  and  at  ISO"  FahntU 
fluidity  iiM>  perfect,  that  several  glabulra  may  «a*ily  be  node  U 
raa  intii  one. 

By  reducing  iu  Wmperiture,  ))uta8siam  becomes  at  SIF  Fahr.  a 
soft  and  malkalilo  Holid,  which  has  t)w  lustrtr  or  polished  mItbt.  It 
w  (oTt  cmiukK  indeed,  to  be  tnnuMcd  by  the  fingcn  like  wax.  b«t 
*&nul<J  tx;  covered  by  tt  film  of  naphlhu  to  prevent  it  fran  uJuag 
fire.  At  about  the  freezing  point  of  water,  it  becomes  hud  a»d 
tirittle,  itiid  exhibits,  when  broken,  a  cryaiallised  lexttirc,  which, 
under  liw  microscope,  seem*  romposed  of  beautiful  faceU  of  a  per- 
fcct  whiteness  and  high  metallic  splendcur. 

To  be  converted  into  vapour,  poiaBBitim  requires  >  tempcnturc 
approaching  that  of  i(^tliou ;  and,  when  the  experimrnl  ia  condnct- 
Ml  under  i>ropei'  circumstances,  il  it  found  unaltered  after  lUalil* 
lalioii. 

PotaiKium  is  a  perfect  cimdiictof  both  of  electricity  and  of  beat. 

lu  tinecific  gravity  ai  SU"  Fuhr.,  making  some  allowanc*  for  una- 
votdablo  crror»  in  thf  experiment,  is.BCCordingio  Gay  LH«ncBiid 
Thennrd,  O.tiGS.  Buchuiz  states  ii  at  0.»T6t  and  Sir  11.  Datyi  la 
general  lermn,  as  between  .8  and  .'J,  water  being  considered  as  1. 

Al  the  temperattire  of  the  atmosphere,  poUsatum  acts  on  oxypa 
gas,  even  when  the  gas  is  deprived  of  its  hygrometrical  moisture; 
but,  to  produce  its  full  cfiect,  it  is  necessary  that  it  should  be  b 
thin  flattened  pieces,  as  it  soon  becomes  covered  with  a  coating  of 
oatide,  which  protect?  the  mass  beneath  fi-oni  further  aciion.  If 
heated  nearly  to  redness,  or  to  ils  point  of  vaporization,  il  liumn 
with  a  brilliant  white  flame  and  a  very  intense  heat. 

Potassium  appears  to  be  susceptible  of  different  degrees  or  stages 
of  oxidizement.  By  heating  it  to  a  point,  below  what  is  necessary 
for  its  inflammation,  either  in  common  air  or  oxygen  gas-,  or  (which 
is  still  belter),  by  confining  it  for  some  days  in  an  empty  phial  loose- 
ly corked,  a  substance  is  formed  of  a  bluish  grey  colour,  softer  than 
wax,  and  readily  fusible.  This  substance  takes  fire  in  oxygen  gas, 
or  even  common  air,  at  about  70"  Fabr.,  and  acta  on  water,  giving 
out  hydrogen,  but  in  less  quantity  than  is  extricated  by  potassium. 
It  is  now,  however,  generally  considered  not  as  a  distinct  oxide, 
but  a  mixture  of  that  which  is  next  to  l>e  described  with  metallic 

The  true  protoxiJe  of  potassium  is  best  obtained  by  the  action  of 
potassium  on  water.  This  is  attended  with  some  striking  pheno. 
mena.  When  potassium  is  thrown  upon  water  exposed  to  the  at- 
mospben.',  or,  when  it  ia  brought  into  contact  with  a  drop  of  wa- 
ter. It  decomposes  the  water  with  great  violence;  an  instantaneous 
explosion  is  produced  with  a  vehement  flame;  and  a  solution  of 
pure  polassa  is  the  result.  The  hydrogen  gas,  which  is  disengaged, 
appears  to  dissolve  a  portion  of  potassium ;  for  on  escaping  into 
the  air,  it  forms  a  white  ring  of  smoke,  gradually  enlarging  as  it 
ascends,  like  that  produced  by  phosphureted  hydrogen  gas. 

When  water  is  made  to  act  on  the  base  of  potassa,  atmospberic 
air  being  excluded,  there  is  much  heat  and  noise,  but  do  hinuBOW 
appearance ;  and  the  gas  evolved  is  pure  hydrogen.    £acb  grain  of 
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potassium,  by  actings  on  water,  detaches  about  l.()0  cubic  inch  of 
hydrogen  gas. 

If  a  globule  of  the  base  of  potassa  be  placed  on  ice,  it  instantly 
burns  with  a  bright  flame,  and  a  deep  hole  is  made  in  the  ice,  filled 
ivith  a  fluid  which  is  found  to  be  a  solution  of  potassa. 

The  production  of  alkali,  by  the  action  of  water  on  potassium, 
is  most  satisfactorily  shown  by  dropping  a  globule  of  the  metal 
upon  moistened  paper,  which  has  been  tinged  with  turmeric.  At 
the  moment  when  the  globule  comes  into  contact  with  the  paper, 
it  bums,  and  moves  rapidly,  as  if  in  search  of  moisture,  leaving  be- 
hind it  a  deep  reddish  brown  trace,  and  acting  upon  the  paper  ex- 
actly like  dry  caustic  potassa.  So  strong,  indeecL  is  the  aflinity  of 
potassium  for  oxygen,  that  it  discovers  and  decomposes  the  small 
quantities  of  water  contained  in  alcohol  and  ether,  even  when  care- 
fully purified,  and  disengages  from  both  these  fluids  hydrogen  gas. 

()n  naphtha,  colourless  and  recently  distilled,  potassium  has  very 
little  power  of  action;  but  in  naphtha,  which  has  been  exposed  to 
the  air,  it  soon  oxidizes,  and  alkali  is  formed.  This  unites  with  the 
naphtha  into  a  brown  soap,  that  collects  round  the  glot)iiles. 

Polassa. — Hydrate  of  Polassa. — Peroxide  of  Potassitrm. 

It  was  important  to  determine  the  proportions,  in  which  potas- 
sium and  oxygen  unite  when  potassa  is  regenerated.  This  Sir  il. 
Davy  investigated  by  two  different  processes.  The  one  consisted 
in  ascertaining  how  much  oxygen  gas  is  absorl>ed  by  a  known 
weight  of  potassium;  the  other,  how  much  hydrogen  is  disengaged 
from  water  by  that  metal;  and,  dividing  the  evolved  hydrogen  gas 
by  2,  he  learned  the  quantity  of  oxygen  which  had  been  abstracted 
from  the  water.  By  the  united  evidence  of  these  methods  of  inves- 
tigation, he  determined  that  75  parts  of  potassium,  to  become  po- 
tassa, absorb  15  parts  by  weight  of  oxygen,  a  result  which  coin- 
cides very  nearly  with  that  of  (lay  Lussac  and  Thenanl,  who  found 
that  10()  of  potassium,  by  acting  on  water,  combine  with  10.945, 
or,  in  whole  numbers,  with  20  of  oxygen.  Hence  potassa  is  con- 
stituted of 

Potassium      -     -     83.34 40  =  1  atom. 

Oxygen     ---iCfiG 8=1  atom. 

UH).         Atomic  weight  48 

This,  however,  applies  to  potassa  only  when  perfectly  pure,  and 
free  from  water.  In  this  state  it  is  white,  extremely  caustic,  turns 
the  syrup  of  violets  green;  is  fusible  a  little  above  a  red  heat;  and 
is  deli(iuescent,  and  therefore  very  soluble  in  water.  When  heated 
in  oxygen  gas,  it  absorbs  a  farther  proportion  of  oxygen,  and  from 
the  state  of  protoxide  passes  to  that  of  the  orange-coloured  per- 
oxide. 

The  precise  nature  of  the  orange-coloured  compound  was  first 
explained,  and  its  properties  examined,  by  (lay  Lussac  and  Thc- 
nard.  It  is  fusible  at  a  lower  heat  than  hydrate  of  pota^su,  and  crys- 


tallizcs  iu  lujuinx  bv  ciioling.  Whi;n  thrown  into  vfalcr,  oxf|;co 
giA  is  evolved,  ami  il  pa^iics  tu  (lie  atitte  of  proiuxide.  Tbc  fame 
change  occurs  by  expualng  t(  on  a  plalinuin  tray,  coated  with  futeJ 
chloride  oF'^wiusHiunit  lo  a  heat  considerably  ahovc  that  at  which 
it  was  pi-oduccd.  It  ia  constituted  of  1  atoin  of  potkuium  "  lO, 
+  3  atoms  of  oxgen  =  34.  and  its  rppreMBtativc  niimlKr  is  6*. 
PotRssium.  tlii-n,  prtiients  the  anomaly  of  a  mclul  rombuitng  wiib 
1  atom  and  with  3  atoms,  buinot  with  the  intermediate  prnponiua 
of  a  atoms  of  mygcn. 

PotasscL,  OS  ^neraliy  obtained  by  chemical  operations,  is  not  the 
pure  prutoxidc,  but  h  intimately  nnilcd  with  a  certain  proponion 
of  water.  The  credit  of  this  discovery  is  dup  to  Darcei,  who  hu 
established  his  rinim  lo  it  very  satislactarily.  The  salid  hyilrvlc 
of  potnssa  appears  lo  he  constituted  of  aw  atom  of  protoxide  ■■  48, 
-f  an  atom  of  water  =  0,  and  ils equivalent  numbcris  thervrorciT. 

PTrparation  of  Pottuio. 


nay  be  prepared  as  follows;  Oiasolve  tkj 
ir  Dantzic  pearlash  in  three  or  foiirtLnua  Us 


these  inijrcdier 
hour.  Then  si 
straining  thm 
Put  the  dry  ir 


Ihfdratt  of  potai 
ijuantily  of  Americano; 

weight  of  boiling  water ;  or.  if  the  alkali  he  reijuired  p»nic*larly 
pure,  substitute  carbonate  of  potnssa,  which  has  been  prepared  bjr 
burning  a  mixture  of  one  part  of  paiv  nitre  with  two  of  mpeMar- 
traic  of  potassa.  Add  this  solution  to  an  cqaat  wclphl  of  firsh 
burned  (|uickliTiic,  first  slacked  to  a  fine  powder,  and  (lien  rfifTiiw,! 
through  water  sufficient  to  render  the  mixture  quite  duid.  Uoil 
iron  kettle,  and  continue  stirring  for  half  an 
separate  the  liquid  alkali,  either  bjr  subsidence,  or  by 
lugh  calico,  and  boil  it  to  dryness  in  a  silver  dish. 
s  into  a  bottle,  and  pour  upon  it  as  much  pure  alco- 
iary  to  dissolve  all  that  is  soluble  in  that  fluid.  Then 
decant  the  alcoholic  soluiiou  of  potassa.  and  distil  off  the  alcohol, 
in  an  alembic  of  pure  silver  fitted  with  a  glass  head.  (See  pL  i.  tig. 
S.)  Pour  tbc  alkali,  when  in  fusion,  upon  a  silver  dish,  and,  as 
soon  as  cold,  break  it  into  pieces,  and  preserve  it  in  well-stopped 
vials.  If  the  whole  of  the  alcohol  be  not  thus  separated,  the  poias- 
sa  will  shoot,  on  cooling,  into  regular  crystals,  which  are  probably 
an  n/co/to/c  of  potassa.  For  common  purposes,  it  is  sufficient  to 
boil  down  the  watery  solution,  and  to  fuse  the  residue  ;  and  thus 
prepared,  especially  when  procured  fixim  nitre  and  tartar,  it  is  suf- 
ficiently pure  for  aflording  potassium.  In  all  accurate  experiments 
of  research,  however,  it  is  necessary  to  employ  hydrate  of  potassa 
which  has  been  puriKed  liy  alcohol. 

Prom  the  electro-chemical  researches  of  Sir  H,  Davy,  il  appears 
that  potassa  is  not  completely  deprived  of  carbonic  acid,  by  any 
process  hitherto  employed  for  its  preparation.  It  is  probable  ihit 
the  method  suggested  by  Darcct.  of  i-emoving  the  last  portions  of 
carbonic  acid  from  the  alkaline  sohiiii>n.  after  the  action  of  quick- 
lime, by  ad<liiig  solution  of  baryta,  would  l)e  found  effectual.  The 
jiolassa  is  api,  during  cuuceulraiiun  in  the  alembic,  to  act  upon 
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the  alcohol,  and  disengage  a  portion  of  charcoal ;  and  also  to  dis- 
solve a  minute  quantity  of  silver. 

The  solution  of  hydrate  of  potassa  has,  when  concentrated,  an 
intensely  acrid  taste,  and  destroys  the  texture  of  animal  and  ve- 
getable substances.  It  changes  the  colour  of  the  violet  to  green  ; 
neutralizes  acids  without  effervescing  with  them  ;  dissolves  rysins; 
and  converts  fixed  oils  and  fat  into  soap.  Hence  it  is  powerfully 
detergent.  When  evaporated  to  dryness,  it  may  be  fused  by  rais- 
ing the  heat,  and  becomes  solid  on  cooling.  If  a  portion,  thus  so- 
lidified, be  dissolved  in  water,  oxygen  gas  is  sometimes  given  out. 
(Graham,  in  Brewster's  Juurn.  No.  13,  p.  186.) 

It  is  often  of  importance  to  know  the  quantity  of  real  potassa  con- 
tained in  solutions  of  diifercnt  specific  gravities.  For  this  purpose 
the  following  Table  has  been  constructed  by  Mr.  Dalton.  The  first 
of  the  liquid  compounds  is  that  containing  I  atom  of  potassa  -f-  2 
atoms  of  water. 


TMe  of  tlie  Quantity  of  Real  Potassa  in  Watery  Solutions  of  differ- 
ent Specific  Gravities. 


Atoms  of 

Potassa    per 

Potassa  per 

Specific 

Congealing 

' 

potama  ^ 

v^a- 

cent,  by 

cent,  by 

Gravity. 

point. 

Boiling  point 

tcr. 

weight. 

measure. 

1  + 

0 

UK). 

240 

2.4 

unknown. 

unknown. 

1  + 

1 

84. 

185 

2.2 

1(KK)° 

red  heat. 

1  + 

2 

72.4 

145 

2.0 

500° 

6<K)° 

1  + 

3 

63.6 

119 

1.88 

340° 

420° 

I  + 

4 

5G.S 

101 

1.78 

220° 

360° 

1  + 

5 

51.2 

86 

1.68 

150° 

320° 

1  + 

n 

46.7 

75 

1.60 

1(M)° 

21H)^ 

• 

1  + 

4 

42.9 

65 

1.52 

70*^ 

276° 

1  + 

« 

39.6 

58 

1.47 

50° 

265° 

■ 

1   + 

^ 

3^8 

53 

1.44 

40" 

255° 

1      + 

10 

34.4 

49 

1.42 

246** 

32.4 

45 

1.39 

2-10° 

10.4 

40 

1.56 

234° 

26.3 

35 

1.33 

229° 

2,3.4 

30 

1.28 

224° 

19.5 

25 

1.23 

220° 

16.2 

20 

1.19 

218° 

13. 

15 

1.15 

215° 

9.5 

10 

1.11 

214° 

4.7 

5 

1.06 

213° 

Chbride  of  Potassittm. 

When  potassium  is  heated  in  chlorine  gas,  it  burns  much  more 
vividly  than  in  oxygen;  each  grain  absorbs  1.1  cubic  inches  of  the 
gas,  and  a  neutral  compound  is  formed,  which  is  a  true  chloride  of 


potassium.  .The  same  compound  is  formed  by  healing  poUtcinn 
ill  murititir  aciil  gB%,  for  in  this  case  ihe  k»s  is  decompovecl  mt9 
chlorine,  which  unites  with  the  metal,  Mti  hydrogen,  vrhich  U  & 
lieruled  ill  a  i;a«eoiis  ststc.  h  may  also  he  procun-rf  by  diaaolvtos 
either  hydrate  or  r.ai-bunaic  of  potasxa  in  muriatic  nctil,  and  cr^ 
poraling  thcMilutinn  to  perfect  dryncsx.  In  the  firtt  iniiiaace,  ma- 
riatc  ill  pulassa  is  formed,  whiclit  by  the  aubsetiui-nt  i»pplicaliaa  of 
hcut.  is  converted  into  chloride  of  poiassiam  ;  Ihe  hydrmcn  of  the 
muriatic  acid  uniting  with  the  oxygen  of  the  potassa^  anil  ronuiag 
water,  which  ia  volatilized. 

According  to  Sir  H.  Davy,  chloride  of  potassium  is  campoMd 
of  73  potassium  +  6"  chlorine,  proportions  which  nearly  agree 
with  those  stated  by  Gay  Lussac,  viz.,  111.31  potaaaiuia  +  100 
chlorine.  Hence  it  ia  constituted  of  I  atom  of  potasuum,  ai  40v 
-f  1  atom  of  chlorine  ^  S6,  and  its  equivalent  number  it  TS.  One 
bundred  grains,  according  to  Bcrzellus,  when  dissolved  ia  water, 
and  decomposed  by  nitrate  of  silver,  yield  192.4  of  fused  chloride 
of  silver,  formerly  called  lima  corma.  (See  vol.  ii.  Chap,  on  Silier.) 

When  chloride  of  potassium  is  dissolved  in  water,  a  double 
elective  afliility  is  supposed  to  operate  ;  water  is  decompoted  ;  its 
hydrogen,  uniting  with  the  chlorine,  composes  muriatic  acid  ;  and 
llie  oxygen  of  the  water,  being  transferred  to  the  potassium,  coa- 
stitutes  potassa.  The  acid  and  alkali  together  form  muriate  of 
•  potaasa.  By  evaporaltn^  the  solution,  crystals  arc  xgaio  obtuned 
of  chloride  of  potassium.  These  crystals  are  cubical,  have  a  bitter 
disagreeable  lastc  ;  undergo  little  change  when  exposed  to  the  air, 
and  when  suddenly  heated  to  redness  decrepitate,  with  a  very  [ri- 
fling loss  of  weight,  arising  from  the  escape  of  a  little  waicr,  ht'M 
mechanically  between  the  plates  of  the  crystals.  They  are  soluble 
in  three  times  their  weight  of  water  at  60"  Fahr.,  and  in  a  rather 
less  proportion  of  boiling  water. 

Considered  as  muriate  of  potassa  (in  which  state  this  salt  most 
probably  exists  when  in  watery  solution),  it  may  be  regarded  as 
constituted  of  an  atom  of  muriatic  acid  37,  and  an  atom  of  potassa 
48,  and  its  representative  number  is  85.  But  there  are  acme  che- 
mists who  regard  it,  even  when  dissolved  in  water,  aa  still  constitut- 
ing a  true  chloride 

loilide  of  Potasnum. 

This  compound  may  be  formed,  by  heating  potassium  in  a  tube 
of  green  glass  with  an  excess  of  iodine.  At  the  moment  of  com- 
bination light  appears,  which,  being  seen  through  the  vapour  of 
iodine,  has  a  purple  hue. 

Iodide  of  potassium  enters  into  fusion,  and  is  volatiliaed  at  i 
heat  below  redness.  It  dissolves  readily  in  water,  which,  during 
solution,  it  decomposes,  forming  a  neutral  hyilriodale  of  potassa. 
and  this  salt,  being  exposed  to  a  ]>reuy  strong  beat  in  close  vessels, 
gives  out  water,  and  is  rc-convcrted  into  iodide  of  potassium.  It 
IS  constituted  of  1  atom  of  potassium  =  40,  -f  ^  atom  of  iodise 
~  125,  and  its  representative  number  is  1C5. 


Polassiuin  vrilh  Simple  ActdiftiAle  Jiodut. 

U'ith  hfjdrossin  potassium  forms  two  compounds,  the  one  gBB- 
cous,  the  other  suHd.  The  first  results  from  the  action  of  potassi- 
um on  wmer,  the  hydrni^n  of  which,  while  in  a  nascent  state,  dis- 
solves a  portion  uf  the  metal.  It  may  also,  as  appears  from  Sir 
H,  Davy's  vspc  rim  cuts,  he  formed  directly  by  heating  the  metal 
in  hydrogen  gas.  A  large  portion  of  potassium  is  thus  dissolved  ; 
Vut  the  (jrcaicr  part  prtcipiuti's  on  cooling. 

The  (jaseous  compound  ia  spontaneously  inflammable  in  the  at- 
mosphere; hums  with  a  very  brilliant  light,  which  is  purple  at  the 
edges;  and  throws  off  dense  vajjours  ofpotassa.  It  loses  its  in- 
flammalitlity  by  kci'iiing;  is  heavier  than  hydrogen  g^as;  and  is  very 
dilatable  by  ikclritily.  Hcsidt-s  the  pas,  whicli  is  sponlaticouily 
combusiiblc,  ihi'ru  is  also,  accoi'ding  to  SemL-iitiiii,  another  coqi- 
pound  of  ])iit:issium  and  hyilrogcn,  which  ia  not  possessed  of  this 
property,  and  pi'ubably  coiitauis  a  less  proportion  of  the  combusti- 
ble metal. 

Gay  Liissac  and  Thcnard  have  succeeded,  also,  in  forming  a 
solid  conijiound  of  putasiiiuni  aiul  hydrogen.  (ItLclivrcheSt  i.  ir&) 
Tbi:  [irocess  consists  in  heating  the  metal  in  hydrogen  gas;  and 
the  only  clilliculiy  is  to  re^'ulate  tlie  heat,  for  a  high  temperature 
ilecomposis  tlie  suliil  compound.  The  flame  of  a  spirit-lamp,  a]>- 
plied  Id  potassium,  ill  a  retort  filled  with  hydrogen  gas,  occasions 
an  ab^•>^]llil>ll  of  the  gas,  and  the  formation  of  a  solid  hi/ctrurtt  of 
jM/asxiiint. 

The  colour  of  this  hydrurct  is  grey;  it  is  destitute  of  metallic 
lustre ;  and  is  infusible.  It  is  not  inflammable,  cither  in  air  or  in 
oxygen  gas  at  common  temperatures,  but  burns  vividly  at  &  high 
one.  \Vheii  slronjjly  healed  in  a  close  vessel,  it  is  totally  decom- 
posed ;  all  the  bydiogen  it  contains  is  liberated  in  the  state  of  gas; 
and  the  potassium  ix-maiiis.  When  brought  into  oniact  with  heat- 
ed mercury,  hydrogen  gas  is  evolved,  and  an  amalgam  of  potassi- 
um and  mercury  is  pifiduced. 

Nitrogen  gas  has  not,  at  any  temperature,  any  action  on  potas- 

/'altiisiiim  with  sii/phrir. — When  sulphate  ofpotassa  is  decompos- 
ed by  bydi()gin  gu.i  or  by  charcoal  at  a  n-d  beat,  the  residue  is  a 
romp<iiitul  ii(  sulphur  and  potassium.  It  is  diflicutt  to  obtain  it 
jH-rfetily  iiuie,  fur  it  act.',  boih  on  glas^  and  on  platinum.     When 

fiivpared  in  glass,  it  hah  a  pale  cinttahar  culouri  and  a  crystalline 
j-arture ;  fuses  at  a  heat  lieluw  irdncss;  and  then  l>ccDmrs  dark 
and  opa'|ui:.  It  attracts  moisture  from  the  air,  and  dissolves  into 
a  yellowish  fluid,  which,  when  diluted  with  water,  becomes  co- 
lourless. This  appears  to  be  a  sulphuret  of  the  first  degree  uf  sul- 
phu  rail  oil. 

When  potassium  is  fused  with  sulphur,  in  a  vcsm-I  [jMed  wiih  ihe 

va]x>ur  (il  naphtha,  a  rapid  combination  ensues,  accunipanied  wiih 

heat  and  light,   and  a  disengagement  of  sulphunried    hydrogen. 

The  result  is  a  grey  la/uhurei  vfuotataittmt  not  unlike  artificial  aul- 

v,.i    I  s  I. 
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phuret  of  iron,    lis  fcrmnion  aod  propcrliM  have  Iwen  invMUgai- 
«d  hy  Vauqiiclin.  (Ann.  de  Ch.  et  de  Phjfg.  vi.  28.) 

By  fusing  auWarbonaW  of  potasaa  with  iltmble  its  weight  of 
sulphur,  ouiof  the  contact  of  air,  a  sulphuretofpotassiaRi  is  fiwm- 
td,  in  which  100  of  tht  metal  arc  united  with  20?.r  of  sulphur, 
which  is  cfjuivalcnt  to  10  atoms.  Varying  the  proportions,  Ber- 
xclius,  to  whom  we  owe  these  facta,  oblainril  sulphur«ts  which  he 
regards  as  compounds  of  I  atom  of  potasnium  with  2,  ■»,  6,  7,  8,  9^ 
and  10  atoms  oiaulphur.     (Ann.  of  Plul.  N.  S.  iv.  384.) 

Putikssium,  in  cuml>ination  with  snlphnr,  and  not  in  a  free  states 
Bpiwars  to  be  the  active  principle  of  the  upontaneously  comboslible 
compound  called  purophorua.  Of  these  there  are  several  speeles, 
which  will  he  described  in  3|>eaking  of  the  pyrophoraa  of  Homberg. 
in  the  Section  on  Alum. 

The  plunti)huret  of  polMtivm  may  be  formed  b^  fiising  patsssinm 
<fllh  phosphorus  under  naphtha.  It  requires  fonls  fusion  asdone- 
er  heat  than  either  of  its  consiiluenls.  It  is  of  the  colovr  of  Icm!  ; 
I  and,  when  spread  out,  has  a  lustre  similar  to  polished  lead.  By 
exposure  lu  the  air,  or  by  rapid  combuslion,  it  forms  ptiMphate 
of  poiasta.  Besides  this,  there  is,  also,  a  chocolatC'Cotourvd  ctm- 
pound  of  potassium  and  phosphonis;  so  that  it  is  proluhle  ibcM 
iVTO  bodies  unite  in  different  proportions,  the  lead-coloured  cam- 
jjound  consisting  of  2  atoms  of  metal  +  I  of  pboaphortis  [  and  the  ' 
■chocolate  of  I  atom  of  metal  +  >  of  phosptioms. 

Compounds  of  Polassitim  with  Met  alt- 

With  mercury,  potassium  gives  some  extraordinary  and  beautiful 
results.  The  combination,  which  is  very  rapid,  is  effected  by 
merely  bringing  the  two  metals  into  contact  at  the  temperature  of 
the  atmosphere.  The  amalgam,  in  which  the  potassium  is  in  least 
proportion,  seems  to  consist  of  about  1  part  in  weight  of  basis  and 
70  of  mercury.  It  is  very  soft  and  malleable;  but,  by  increasing 
the  proportion  of  potassium,  we  augment,  in  a  proportional  degree, 
the  solidity  and  briitleness  of  the  compound. 

The  compound  of  mercury  and  potassium  may  be  obtained  by 
an  easy  and  simple  process,  first  pointed  out  by  lierzelius.  Mer- 
cury, to  the  depth  of  a  line,  is  put  into  a  glass  capsule,  two  inches 
in  diameter,  with  a  flat  bottom.  On  this  a  solution  of  pure  potis- 
sa  is  poured;  an  iron  wire  connects  the  mercury  with  the  nepvtiie 
pole  of  a  galvanic  arrangement,  which  needs  not  contain  more 
than  20  pairs  of  plates ;  and  a  spiral  platinum  wire,  from  the  posi- 
tive pole,  is  immersed  in  the  solution,  and  kept  about  one-tenth  of 
an  inch  from  the  surface  of  the  mercury.  In  six  hours,  the  effect 
is  observable,  and  in  twenty-four  is  very  distinct ;  for,  in  that  time, 
more  than  1200  grains  of  mercury  will  be  rendered  solid  by  com- 
bination with  potassium.  Unfortunately,  this  combination  cannot 
be  so  decomposed  as  to  obtain  the  potassium  in  a  separate  slate. 

In  this  state  of  division,  potassium  appears  to  have  its  aflinitr 
for  oxygen  considerably  increased.  By  exposure  to  the  air  fori 
ffw  minutes,  potasia  is  formed,  which  deliquiatcs,  and  the  mercn- 
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ry  is  left  pure  and  unaltered.  When  a  globule  is  thrown  into  wa- 
ter, it  produces  a  rapid  decomposition  and  a  hissing  noise ;  potas- 
sa  is  regenerated ;  pure  hydrogen  disengaged ;  and  the  mercury 
remains  free. 

The  fluid  amalgam  of  potassium  and  mercury  dissolves  all  the 
metals;  and,  in  this  state  of  union,  mercury  even  acquires  the 
power  of  acting  on  platinum. 

Potassium  unites,  also,  with  gold,  silver,  and  copper ;  and,  When 
the  compounds  are  thrown  into  water,  this  fluid  is  decomposed, 
potassa  is  formed,  and  the  metals  are  separated  vbaltered.  When 
the  reduction  of  an  ore  has  been  accomplished  by  the  use  of  fluxes 
containing  potassa^  M.  Vauquelin  has  shown  that  the  revived  me- 
tal contains  a  greater  or  less  proportion  of  potassium,  which  mo- 
difies its  properties.  By  exposure  to  the  air,  or  b^  the  action  of 
water,  this  impurity  may  be  removed.  (Ann.  de  Chim.  et  dc  Phys. 
vii.  32.) 

Potassium  reduces  all  the  metallic  oxides  when  heated  with  them, 
even  of  those  metals  which  most  powerfully  attract  oxygen,  such 
as  oxides  of  iron.  In  consequence  of  this  property,  it  decomposes 
and  corrodes  flint  and  green  glass  by  a  very  gentle  heat;  potassa  is 
generated  with  the  oxygen  taken  from  the  metal,  which  dissolves 
the  glass,  and  exposes  a  new  surface.  At  a  red  heat  even  the  purest 
glass,  formed  merely  of  potassa  and  silica,  is  acted  upon.  The 
alkali  in  the  glass  seems  to  give  up  a  part  of  its  oxygen  to  the  p<^ 
tassium,  and  an  oxide  of  potassium  results,  with  a  less  proportion 
of  oxygen  than  is  necessary  to  constitute  potassa.  The  silica,  also, 
it  is  probable,  is  partly  deoxidized. 

Salt$  of  PotasntL 

Chloride,  of  Potasna, 

There  can  l>e  little  doubt  of  the  existence  of  such  a  salt  as  chlo- 
ride of  potassa,  although  it  is  one  of  very  unstabh^  composition, 
and  constantly  tending  to  be  converted  into  chloride  of  i>otassium 
and  chlorate  of  potassa.  This  re-action  will  be  explained  in  speak- 
ing of  the  latter  salt,  and  of  the  analogous  properlirs  of  chloride 
of  lime.    (Sec  Morin,  Ann.  de  Ch.  et  de  Phys.  xxxvii.  154.) 

Cfdorale  (Jfyper-oxy-muriate)  of  Pofassa. 

This  salt  was  discovered  by  Derthollet.  It  may  be  formed  either 
by  the  direct  mixture  of  liquid  chloric  acid  with  solution  of  potassa 
or  carlK)nute  of  potassa;  or  by  passing  chlorine  gas,  as  it  proceeds 
fi*oiii  the  mixture  of  chloride  of  sodium,  sulphuric  acid,  and  man- 
ganese, through  a  watery  solution  of  caustic  potassa,  the  exact 
specific  gravity  of  which  does  not  appear  to  be  of  importance,  but 
which  should  not  be  very  strong.  For  this  purpose  Woulfe's  appa- 
ratus may  i>c  employed,  using  only  one  three-necked  bottle  in  addi- 
tion to  the  balloon.  The  tuln:,  which  is  immersed  in  the  alkaline 
solution,  should  be  at  least  half  an  inch  in  diameter,  to  prevent  its 


bcinK  chokrd  up  by  afiy  crystalii  thai  may  form.  The  sohitioe, 
when  SBturnlL'il  ^*Uh  the  Ras,aml  heated,  is  converted  iiiio  chlorwe 
of  potassa  and  chloririe  vf  piitaasinm,  in  the.  prapoplion*,  BC^ont- 
ingto  Moriii,  of  I  of  U.e  former  iti  18  of  llie  laUer;  bm  th<*aiix 
ftUtci  the  chlorate  produced  to  be  nearly  as  1  to  5.  The  aoluuon. 
being  eraporaicd,  yields  crystals,  of  which  only  the  tir»i  prodact* 
are  lo  he  rcserveil  for  usej  for  the  subMijucnt  cryauU  coutin  of 
chloride  uf  potassium  only. 

Whenoblaii^  by  the  laat-inrntioiiL'd  process,  the  clinngwwhidi 
take  place  adiW  of  being  explained  as  follows :  I'arl  of  lUe  chloriac 
may  be  employed  in  decoiiiposiiiR  the  water  of  the  alkaline  solulioo, 
forming,  with  itn  hydrogen,  muriatie  acid,  while  another  portion nf 
chlorine  may  unite  with  the  mtydfcn  llms  set  at  Ulxjriy ;  or  the  chan|^ 
may  consist  in  the  dccomposilion  of  jwiassn,  the  osygcn  of  one  por- 
tion of  which  may  be  iransferreii  to  another  portion,  while  ihr  clili>- 
rJBc  is  partly  expended  in  dccomponing  water  and  forminit  nmmie 
(7potu»!ia,  and  partly  in  fomtinjf  a  triple  compound  of  chtofiac, 
oxygen,  and  peroxide  of  potassium.  In  this  »iew,  r.hlorate  f4  p»- 
tassa  is  consiiluied  of  1  atom  of  potassium,  weighing  -W.  I  "um 
of  chlorine  =  36,  and  G  atoms  of  osygen  =  -18;  and  its  e<iuitakiii 
ODinber  is  the  sum  of  these,  vix..  134.  | 

Even  by  the  advocates  of  the  simple  nature  of  chlorine,  two  ilif-  ^ 
nt  views  h&ve  been  taken  of  this  class  of  salts.  By  tiay  I'lt*^  ^ 
chlorates  are  considered  as  compounds  of  i-hlonc  acid  with  ' 
line  and  earthy  bases;  bv  Sii    ■  ■.    -.'     i.  '  .>  r.U-i\  as 

triple  compounds  of  1  atom  ol'     ■  iij^c, 

and  C  alums  of  i)\y!,'en.  Km  rlilnrii  ;irul  lii'iiH;.  ,is  ib  ilc-iiucililt' 
from  ibf,  experiments  of  (lay  I.us-.:ic,  lompciiincli'il  nl"  -">  ali'iiis  of 
oxy^ren  with  I  ittonmrcblr.riiii-;  lli.^ir  is  tm  diflVrencc  as  loiln- f^ci^, 
whatever  lln^i-e  may  be  as  to  ihuir  ex|ilanati()ii.  This  will  appL'jr 
from  the  fulluuini^  r.om[rarativi'  siatL-niciit: 
Accordinj;  to  Uavy, 

f  iiii'tallic  base 


I  -«        i:.Vi 
F    ^alkali 


According  'o  (lay  I-i. 


rl  aloni  wf  ba-v.    (,  1 

Cbloraies  are  i  oiii-  J       consiMiiijj  of    (  1 

l'"^'^''"'"  i  lalomufchlo-    C5 


•id 

It  will  easily  be-  pcrrcivccl,  on  I'xamiiiJnf;  lliese  stalenieJiis,  thai 
the  same  propoitiims  of  elements  an-  assi|;ned  by  botli  ])hilosophirs 
to  the  chlorates,  and  thai  ibc  only  ditii-renri-  is  one  of  opinion,  a^ 
to  the  manner  in  wliii-.b  ihosc  ilrnu'nls  are  arrauiji  d. 
The  chlorate  of  putassa  has  llii-  lollowin;,'  .piajilirs: 
(a)  It  has  ihe  shape  of  shining  btxahcdral  laniin-c,  or  rhombui- 
dal  plates.  The  primary  form  is  an  obliijuc  rliomliir  prism.  The 
cleavage  |»arallel  tu  the  planes  m  and  m'  is  easy,  and  the  cleavage 
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planes  arc  brillianl,  but  the  crystals  arc  gcnc- 
rally  too  thin  to  obtain  a  cleavage  plane  paral- 
lel to  p.    The  measurements  arc  as  follows: 

I'on  M,  ofM'      -     105°  30' 

M  on  h'     -    .    -     104      0 

P  on  c'  -    ■    -     -     IOC   43  dull 

pon  e,  ore'    -     -     129   45 

The  crystals  of  this  salt  arc  (lcticril>cd  also 
byMr.  Ia.'vy.  (Quart.  Joum.  xv.  :28fi.) 

(f>)  One  part  of  the  salt  requires  17  of  cold  water  for  solution, 
but  5  pans  of  hoi  water  take  up  3  of  the  salt. 

(c)  It  is  not  decomposed  by  exposure  to  the  direct  rays  of  the 
sun.  cither  in  a  crystallized  or  dissolved  stale. 

((/)  When  chlorati-  of  potassa  is  submitted  to  distillation  in  a 
coated  ^lass  retort,  it  first  fuses,  and,  on  a  farther  inrrease  of  tem- 
perature, yields  oxyKcn  Ras  of  great  purity;  for  the  whole  product 
contains  not  mure  than  S  or  3  per  cent,  of  niiru);cn  k^s.  (Sec  page 
188.)  lierzrlius.  from  1(H)  grainH,  obtained  30.15  grains  —  112  or 
114  cubic  inches  of  oxygen  gas.  (Ann.  de  Chim.  ct  de  I'hys.  v. 
175.)  And  Cay  I.ussac  found  that  KKI  grains  give  r,ii.m  grains  of 
oxvgen,  and  tii.1-3  of  chloride  of  potassium,  ('(iiiivalent  to  28.93 
chlorine  and  .'SS.I'J  potassium.  The  residue  of  this  distillation,  Vau- 
quelin  ai^serls,  is  senbihly  alkaline;  from  whence  it  should  appear 
that  the  caparity  of  saturation  is  less  in  chlorine  than  in  chloric 
acid.    (Ann.  de  Chim.  et  dc  IMiys.  xcv.  101.) 

(r)  The  chlorate  of  potassa  has  no  power  of  discharging  vegeta- 
ble colours;  but  the  addition  of  a  little  sulphuric  acid,  by  setting 
chlorine  at  liljcrty,  develops  this  property. 

(/)  The  salt  is  decomposed  by  the  stronger  acids,  as  the  sulphu- 
ric and  nitric.  This  may  be  proved  by  dropping  a  few  grains  or  the 
salt  into  a  little  concentrated  sulphuric  acid  in  a  wine-glass.  A 
strong  smell  will  arise,  and,  if  larger  quantities  of  the  materials  be 
healed  in  a  iviort,  a  violent  explosion  sometimes  ensues.  The  ex- 
periment should,  therefore,  be  performed  with  caution.  When  this 
mixiuit:  is  made  at  the  Iwttom  of  a  deep  vessel,  the  vessel  is  filled 
will)  euchtorine  gas,  which  inflames  sulphuric  ether,  alcohol, or  oil 
of  turj>entine,  when  poured  into  it;  and  also  camphor,  reiin,  tal- 
low, elastic  gum,  bcc.  (  Davy.^By  the  action  of  sulphuric  acid,  re- 
gulated as  already  described,  (page  108),  peculiar  gaseous  com- 
pounds result. 

Muriatic  acid,  as  has  already  been  stated,  disengages  chlorine 
from  chlorate  of  potassa,  and  the  addition  of  a  few  grains  of  the 
salt  to  an  ounce  measure  of  the  acid,  imparts  to  it  the  properly  of 
discharging  vegetable  colours. 

{ft)  Chlorate  of  jKilassa  exerts  powerful  effects  on  inflammable 

I.  Hub  2  grains  into  powder  in  a  mortar,  and  add  I  grain  of  sul- 
j)hur.  Mix  thfm  very  accurately,  by  gentle  triture,  and  then,  hav- 
ing collected  the  mixture  to  one  part  of  the  mortar,  press  the  pestir 
down  upon  it  suddenly  and  forcibly.  A  loud  detonation  will  ensue. 
— Or,  if  the  mixed  ingredicnU  be  wrapped  id  some  strong  paper. 
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Qtiil  ihi-n  struck  willi  a  hammer,  &  still  louder  report  will  l>e  pnt- 

fluccd. 

2.  Mix  5  grains  of  the  salt  wiih  half  ihc  quantity  of  powdemri 
chBrcnal  in  a  similar  manin'r.  On  triturating  the  mixturr  airanglT, 
it  will  inflame,  i-specially  with  the  addition  of  a  gjain  or  twaatni- 
phur*  but  not  with  much  noist^. 

3.  Mix  a  small  quantity  of  siufjar  with  half  its  weight  of  tbe  miu 
and  on  the  niixturt;  puur  a  little  strong  sulphuric  acid.*  A  ludda 
and  vehement  inflammation  will  be  produced.  This  cxpcrilMMl, 
as  well  as  thtf  following,  requires  caution. 

4.  To  I  grain  of  thu  powdered  sale  lu  a  mortar  add  about  half  s 
grain  of  photiphorus.  The  phosphoruswill  detonate,  un  the  KCtttktt 
trtture,  with  u  very  loud  report.  The  hand  should  he  covered  wiifc 
a  glove  in  making  this  experiment,  and  care  should  Ik  taken  tbat 
the  phosphorus,  in  an  inHamcd  state,  does  not  fly  into  tbe  tfOL.— 
Phosphorus  may  atao  be  inflamed  under  the  surface  of  water  by 
Vneanv  of  this  salL  Put  into  a  wine-glass,  1  partof  phospboras  wttb 
3  of  the  chlorate ;  fill  it  nearly  with  water,  and  pour  in,  by  mcaiti 
of  a  glass  tube,  reaching  to  the  bottom,  three  or  four  parts  of  uit- 
phuric  acid.  The  phosphorus  takes  fire,  and  burns  vividly  under 
the  water.  This  experiment,  too,  requires  caution,  leai  the  iaflam- 
ed  phosphorus  should  be  ihrowu  into  the  eyes.  (Oavy).  Oil  msy 
also  be  thus  inflamed  on  the  surface  of  water,  the  experimeui  bcisE 
made  with  the  omission  of  the  phosphorus,  and  the  subttiiotiua  of 
a  little  olive  or  linseed  oil, 

5.  Chlorate  of  potassa  may  be  substituted  for  nitre  in  the  prepa- 
ration of  gunpowder,  but  the  mixture  of  the  ingredients  requires 
extreme  circumspection,  on  account  of  iheir  liability  to  explode  by 
trituration.  It  may  be  proper  also  to  state,  that  this  salt  should  not 
be  kept  mixed  with  sulphur  in  considerable  quantity,  such  mixtures 
having  been  known  to  detonate  spontaneously. 

Per-cbloToie  of  Polassa. 

This  salt  may  he  formed  by  mixing  one  part  of  powdered  chlo- 
rate of  potassa  with  three  of  sulphuric  acid,  and  cautiously  expos- 
ing the  mixture  to  heat  till  it  turns  while,  when  we  obtain  a  mixture 
of  hi-sulphatc  and  per-chlorate  of  potassa.  The  former  being  much 
more  soluble  than  the  Utterin  cold  water,  their  separation  maybe 
effected  by  solution  and  crystallization. 

Per-chloraie  of  potassa  does  not  change  vegetable  colours.  It  re- 
quires more  than  hfty  times  its  weight  of  water  at  60"  for  solution; 
and  crysialliics  by  evaporation  in  lengthened  octohcdrons.  Distil- 
led at  -im"  Falir.,  with  an  ,-qual  weight  of  sulphuric  acid.it  yield- 
per-chlorir.  acid.  Wlien  healed  per  se  to  412°,  oxygen  is  evolveH, 
und  chloride  of  potassium  remains.     ll  is  constituted  of  1  atom  of 

*  A  mixture  of  tlili  kind  in  ilic  bMis  uf  tlie  matches  now  g^ncnlly  uactl  hr 
the  purpoie  of  procurinff  inilantiincous  liRtil,  The  bottle,  into  which  Ibey  nt 
ililiped,  contains  coneentrateil  sulphuric  acid,  wbich  ii  prevented  froia  aoipit 
by  a  quantity  uf  finely  i>puii  glass,  ur  of  the  fibres  of  u  ' 


8E0T.  I. 


1.-- 


POTA99IUM. 


per-chloric  acid  ■■  86,  +  ^  atom  of  potassa 
sentative  number  is  therefore  131. 
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45,  and  its  repre- 


lodate  and  Hydriadate  of  Fotaasa. 

Both  these  salts  are  formed  by  agitating  iodine  with  a  solution 
of  potassa ;  water  is  decomposed,  and  gives  origin  to  a  very  solu- 
ble hydriodate,  and  a  difficultly  soluble  iodate«  The  latter  may  be 
purified  by  being  washed  first  with  a  little  water,  and  afterwards 
with  alcohol  sp.  gr.. 820,  which  removes  the  hydriodate.  The  iodate 
remains  in  small  white  and  granular  crystals. 

When  projected  on  red-hot  coals,  iodate  of  potassa  acts  like  salt- 
petre; 100  parts  heated  in  a  retort  give  22.59  oxygen  gas,  and 
7r. 41  iodide  of  potassium.  It  requires  for  solution  13 j  parts  of 
water  at  60"^  Fahr.  It  is  constituted  of  22.246  potassa  and  77.754 
iodic  acid. 

Hydriodate  ofpotoBsa  is  deliquescent,  and  consequently  very  solu- 
ble. It  is  constituted  of  100  hydriodic  acid  +  37.426  potassa.  By 
crystallization,  or  simple  desiccation,  it  is  changed  into  iodide  of 
potassium,  which  is  easily  fused  and  volatilized  without  change  at 
a  red  heat. 


Nitrate  of  Potassa. 

A  direct  S3mthetic  proof  of  the  composition  of  this  salt  may  be 
obtained  by  saturating  nitric  acid  with  potassa,  either  pure  or  in  a 
carbonated  state.  The  solution,  on  evaporation,  yields  crystals  of 
nitrate  of  potassa. 

For  the  purpose  of  experiment,  the  nitrate  of  potassa,  which  may 
be  purchased  m  the  shops  under  the  name  of  nitre  or  saltpetre,  and 
which  is  an  abundant  product  of  nature,  may  be  employed  on  ac- 
count of  its  greater  cheapness.  The  nitre,  which  is  met  with  as  an 
article  of  commerce,  is  brought  to  this  country  chiefly  from  the 
East  Indies.  When  it  arrives,  it  is  a  very  impure  salt,  containing, 
besides  other  substances,  a  considerable  proportion  of  muriate  of 
soda.  In  this  state  it  is  called  rough  nitre.  For  the  purposes  of 
chemistry,  it  requires  to  be  purified  by  solution  in  water  and  re- 
crystallization  ;  and  it  then  obtains  the  name  of  refined  nitre,  or  re- 
fined saltpetre. 

This  salt  has  the  following  properties : 

(a)  Its  crystals  are  thus  represented  and  described  by  Mr.  Lievy. 
(Quart  Joum.  xv.  284.) 


'  on  ff' 


160°     42' 
IsUr     43' 


Primitive  form^ — A  right  rhombic  prism,  the  incidcnrc  of  Uie 
two  laieral  planes  of  which  is  109°  50',  nmi  the  rattu  iMtwecn  one 
side  or  the  base  and  tlie  bright  nearly  thai  o(  I  to  D.  -IS, 

Cltavage. — Parallel  to  all  the  faces  of  llie  primitive,  uut  abo  is 
a  plane  passing  through  the  two  short  diaguoaln  of  the  baio- 

All  tbtf  best  analyses  of  tiitraic  of  potassa  concur  in  showing  Uut 
it  is  anhydrous,  and  composed  of 

1  atom  of  nitric  acid     -     -     52.94     -     -     54  =  1  atom. 
1  atom  pf  potassa     -     -     -     47.06     ■     -     48   =■  1  atom. 


100. 


10£ 


Its  equivalent  number  is,  therefore,  103 1  and  aslheatomotiutHc 
acid  contains  5  atoms  of  oxygen  and  1  of  nitrogen,  and  the  alum 
of  potassa  1  atom  of  oxygvn  and  1  of  potassium,  wc  k»Tc  la  nch 
atom  of  nitrate  of  potassa  6  atoms  of  oxygen. 

(J>)  For  solution,  it  requires  seven  times  its  weight  o(  water  at 
60°  Fahr.  ;  and  boiling-  water  takes  up  its  own  weight  Thi»  i»  the 
degree  of  solubility  assijjiicil  by  Bergman;  but  La  Grange  as.seris. 
that,  at  the  ordinary  temperature,  nitrate  of  potassa  requires  only 
three  or  four  times  its  weight  of  water  for  solution;  and  half  it& 
weight  of  boiling  ivater.  (Manuel,  1st  edit.  i.  243.)  With  the  ad- 
dition of  common  salt,  it  becomes  considerably  more  soluble. 

(c)  By  the  application  of  a  moderate  heal  it  fuses,  and,  being 
cast  in  moulds,  forms  what  is  called  sal  /jrunellf.  After  fusion. 
Sir  H.  Davy  found  tlial  it  slill  yielded  water,  when  diiliUed  with 
boracic  acid  ;  but  this,  as  water  docs  not  appear  to  be  essential  U> 
it,  had  probably  been  held  between  the  plates  of  the  crystals,  or 
absorbed  from  the  atmosphere,  in  the  actyf  reducing  it  lo  powder. 

((/)  If  a  red  heat  be  applied,  nitrale  of  potassa  is  decompused  in 
consequence  of  the  destruction  of  its  acid.  By  distilling  ii  in  an 
earthen  retort,  or  in  a  gun-barrel,  oxygen  gas  may  lie  obiaineil  in 
great  abundance,  I  ]»Duiid  ofniire  yielding  about  IC.illH)  cubic  inchrs, 
of  sufliticnt  [jui'iiy  I'lif  roiimion  cxpcriiiietUs,  but  not  foi-  purposes 
of  accuracy.  Tlie  lasl  portions  of  ibi'  ga^icous  product  were  I'oniid 
by  Mr.  11.  I'liillips  lobe  principally  azotic  gas.  On  pouring  walir 
into  tlie  retort,  be  <ilisi'ried  oxygen  gas  lo  be  abundantly  evolved. 
This  shows  that  peroxide  of  potassium  must  have  been  produccJ 
and  then  decomposed  into  oxygen  and  potassa.  (.-\nn.  of  Phil.  April 
1827.) 

(f)  Nitrate  of  ])Otassa,  tlial  has  beni  niiuie  red-hot,  seems  lo  roii- 
Iain  an  acid  less  biglily  oxygenated  than  the  nitric  acid,  and  having 
a  weaker  affinity  for  alkalies.  For  if  acetic  acid  be  poured  on  niirv 
that  has  been  thus  treated,  the  nitrous  acid  is  cjipellcd  in  red  fumes. 
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whereas  common  nitre  is  not  at  all  affected  by  acetic  acid.  In  this 
state  it  may  be  considered  as  ^nitrUe  of  potasso.  (Thomson's 
First  i^rinc.  of  Chem.  i.  107.) 

(/)  Nitrate  of  potassa  is  rapidly  decomposed  by  charcoal  at  a 
high  temperature.  This  may  be  shown,  by  mixing^  two  parts  of 
powdered  nitre  with  one  of  powdered  charcoal,  and  setting  fire  to 
the  mixture  in  an  iron  vessel  under  a  chimney.  The  gaseous  pro- 
ducts of  this  combustion,  which  may  be  collected  by  a  proper  ap- 
paratus, are  carbonic  acid  and  nitrogen  gas.  Part  of  the  carbonic 
acid  also  remains  attached  to  the  residuary  alkali,  and  may  be  ob- 
tained from  it  by  adding  a  stronger  acid.  This  residue  was  termed, 
by  the  old  chemists,  clyssus  of  nitre. 

(s^)  Nitrate  of  potassa  is  also  decomposed  by  sulphur,  and  with 
different  results,  according  to  the  temperature  and  proportions  em- 
ployed. 

1.  Mix  equal  weights  of  powdered  nitre  and  sulphur^  and  throw 
the  mixture,  by  a  little  at  a  time,  into  a  red-hot  crucible.  The  sul- 
phur will  unite  with  the  oxygen  of  the  nitric  acid,  and  form  sul- 
phuric acid  ;  which,  combining  with  the  potassa,  will  afford  sulphate 
of  potassa.  The  production  of  the  latter  salt  will  be  proved  by  dis- 
solving the  mass  remaining  in  the  crucible,  and  crystallizing  it, 
when  a  salt  will  be  obtained  exhibiting  the  characters  of  the  sul- 
phate of  potassa. 

2.  Mix  a  portion  of  sulphur  with  one-sixth  or  one-eighth  its  weight 
of  nitrate  of  potassa;  put  the  mixture  into  a  tin  cup,  and  raise  it, 
by  a  proper  stand  (fig.  25),  a  few  inches  above  the  surface  of  water, 
contained  in  a  fiat  shallow  dish.  Set  fire  to  the  mixture,  and  cover 
it  with  a  bell-shaped  receiver.  In  this  case,  also,  sulphuric  acid 
will  be  formed ;  but  it  will  not  combine,  as  before,  with  the  alkali 
of  the  nitre,  which  alkali  is  present  in  sufficient  quantity  to  absorb 
only  a  part  of  the  acid  produced.  The  greater  part  of  the  acid  will 
be  condensed  on  the  inner  surface  of  the  glass  bell,  and  by  the  water, 
which  will  thus  become  intensely  acid.  The  operation  may  be  re- 
peated three  or  four  times,  using  the  same  portion  of  water.  When 
the  water  is  partly  expelled, 'by  evaporation  in  a  glass  dish,  con- 
centrated sulphuric  acid  remains. 

(A)  A  mixture  of  three  parts  of  powdered  nitre,  two  of  carbonate 
of  potassa,  or  common  salt  of  tartar,  and  one  part  of  sulphur,  all 
accurately  mixed  together,  forms  ihe  fulminating  powder^  which  ex- 
plodes with  a  loud  noise,  when  laid  on  an  iron  plate  heated  below 
redness. 

(i)  A  mixture  of  five  parts  of  powdered  nitre,  one  part  of  sulphur, 
and  one  of  powdered  charcoal,  composes  gunpowder.  The  materi- 
als arc  first  very  finely  powdered  separately,  then  mixed  up  together, 
and  beaten  with  a  wooden  pestle,  a  sufllicient  quantity  of  water  being 
added  to  prevent  an  explosion.  The  mixture  is  afterwards  granulat- 
ed, by  passing  through  sieves,  and  dried  very  cautiously.* 

*  On  the  prepantion  of  gunpowder,  and  the  theory  of  its  detoiuttion,  consult 
Nicbolion's  Journal^  xziii.  W7» 
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Carbonate^  Potaua. 

Carbonate  (sometimes  called  stdt-cafboiiatt).— The  simplcu  mode 
of  fthtiwing  the  ubaorjition  of  carbonic  acid  by  pulassXi  U  ibc  fuJ' 
lowing:  i-ill  u  common  phial  with  carbonic  acid  f^aa  over  wftter, 
and)  when  fulh  stop  it  by  applying  the  thumb.  Then  invert  tbe 
bottle  in  a  solution  of  pure  potassa,  conlained  in  a  cup,  ami  rwlier 
exceeding  in  quantity  what  in  sufiicient  to  Gil  the  buttle.  The  Mo- 
tion will  rise  into  the  bottle,  and,  if  ilic  gas  be  pure,  will  fill  it  n- 
tircly.  Pour  out  the  alkaline  liquor,  fill  the  boltlc  with  vatrr,  ud 
again  displace  it  by  the  gas.     Proceed  an  before,  and   repeat  the 

SroccHS  several  times.  It  will  be  found,  tliat  the  aolulioa  wilt  cmi- 
enscmany  times  its  bulkof  the  gas;  whereas  water  CombiseaCAly 
with  lis  own  volume. 

This  cxMrimcnt  may  be  made,  in  amuch  more  strikiiwmBiKr, 
over  merofry,  by  passing  inlo  a  jar,  about  ihree -fourth*  ailed  with 
this  gas,  a  comparatively  small  volume  of  a  suliition  of  pure  pouua, 
which  will  condense  the  whole  of  a  large  tjuantity  of  ths  gwk  U 
drv  hydrate  of  potassa  be  substituted  in  this  experiment,  no  chaB|c 
will  ensue ;  which  proves  that  solution  h  essential  to  tbe  auloB  «( 
alkalies  an  ihiii  gas.  A  solution  of  potassa,  which  has  condcnwd 
all  the  carbonic  acid  it  is  capable  of  absorbing,  when  evxpontcd 
to  dryness,  affords  aub-carbonate,  or,  more  properly ,  eorAoMlt  4^/»- 
twua. 

The  composition  of  this  salt  is  differently  staled  by  chemical 
writers,  in:., 

Acid.  Bun 

According  to  Dalton,  100  grains  consist  of    -     31.10    -     -  68.9 

Dulong 30.ro    -     •  69.30 

Dr.  Wollaston 31.71    -    -  68.39 

The  proportions  of  31.71  to  G8.29  agree  very  nearly  with  the 
notion,  that  the  carbonate  of  potassa  is  constituted  of  an  atom  of 
carbonic  acid,  weighing  2i,  and  an  atom  of  potassa,  weighing  46; 
and  that  the  weight  of  its  atom  is  70.  Tbe  afiinity  of  cartmnic  acid 
for  potassa,  though  apparently  feeble,  is,  in  reality,  very  strong; 
since  it  has  the  power  of  expelling  from  potassa  the  whole  of  the 
water,  which  that  alkali  contains  in  the  state  of  a  hydrate ;  for  car- 
bonate of  potassa  contains  no  combined  water,  after  being  long  ex- 
posed to  a  red  heat.  As  commonly  met  with  in  the  shops,  under 
the  name  of  gall  of  lartnr,  it  contains,  however,  from  li  to  16  per 
cent,  of  water.  In  this  state  it  is  probably  a  proto-hydrate,  with  a 
slight  excess  of  water,  which  it  is  difficult  to  expel,  so  as  to  leave 
a  compound  with  exactly  atomic  proportions. 

The  solution  of  carbonate  of  potassa  will  be  found  to  have  a  much 
milder  taste  than  the  pure  alkali,  and  not  to  destroy  the  texture  of 
woollen  cloth;  but  it  still  turns  to  giecn  the  blue  inVusiun  of  vege- 
tables. In  the  pure  alkaline  solution,  no  remarkable  change  ensued 
on  mixing  it  with  diluted  sulphuric  acid  ;  but  if  that,  or  almost  asy 
other  acid,  be  now  added,  a  violent  effervescence  will  ensue,  ariuBf 
from  the  escape  of  carbonic  acid  gas. 
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For  experimental  purposes,  carbonate  of  potassamay  be  obtained 
from  crystals  of  tartar  (bi-tartrate  of  potassa),  calcined  in  a  crucible; 
then  lixiviated  with  water ;  and  .evaporated  to  dryness.  By  this 
treatment,  the  salt  yields  about  one-third  its  weight  of  dry  carbon- 
ate. Or  the  tartar  may  be  mixed  with  about  an  eighth  of  puriBed 
nitrate  of  potassa,  and  wrapped  up  in  paper  in  the  form  of  cones, 
which  may  be  placed  on  an  iron  dish,  and  set  on  fire.  The  resi- 
duary mass  is  to  be  lixiviated,  and  evaporated  as  before  directed. 
Or,  lastly,  purified  nitrate  of  potassa  may  be  mixed  with  a  fourth 
of  its  weight  of  powdered  charcoal,  and  projected  into  a  red-hot 
cruciMe,  the  contents  of  which  are  to  be  poured,  when  in  fusion, 
into  an  iron  dish.  The  carbonate,  thus  obtained,  amounts  to  rather 
less  than  one-half  the  nitre  which  has  been  employed.  Even  when 
thus  prepared,  it  is  apt  to  contain  impurities,  consisting  chiefly  of 
a  minute  proportion  of  sulphate  and  muriate  of  potassa,  Avith  a  little 
silica,  from  which  it  is  extremely  difficult  entirely  to  free  it.  That 
which  is  procured  from  burnt  tartar  may  be  easily  mide  to  crys- 
tallize, in  which  state  it  contains  20.60  per  cent,  of  water;  or  the 
crystals  consist  of 

1  atom  carbonic  acid    -    •    -    22 

1  atom  potassa 48 

2  atoms  water 18 

88 

The  potash  and  pearlaah  of  commerce  are  carbonates  of  potassa,  of 
diflVrent  degrees  of  purity.  The  quantity  of  carbonic  acid,  con- 
tained in  these  alkalies,  may  be  learned  by  a  very  simple  experi- 
ment. .Put  1  or  200  grains  of  the  alkali  into  a  Florence  flask,  and 
add  a  few  ounce-measures  of  water.  Take  also  a  phial  filled  with 
dilute  sulphuric  acid,  and  place  this,  as  well  as  the  flask,  in  one 
scale.  Balance  the  two,  by  putting  weights  into  the  opposite  scale, 
and,  when  the  equilibrium  is  attained,  pour  gradually  the  acid  into 
the  flask,  till  an  effervescence  no  longer  ensues.  When  this  has 
ceased,  the  scale  containing  the  weights  will  be  found  to  prepoiH 
derate.  This  shows  that  the  alkali,  by  combination  with  an  acid, 
loses  considerably  of  its  weight;  and  the  exact  amount  of  the  loss 
may  be  ascertained  by  adding  weights  to  the  scale  containing  the 
flask  and  phial,  till  the  balance  is  restored. 

Carbonate  of  potassa,  when  exposed  to  the  atmosphere,  attracts 
so  much  moisture,  as  to  pass  rapidly  to  a  liquid  state.  This  change 
is  termed  deliqxtrBcence,  All  the  water  thus  absorbed  is  expelled 
again  by  a  heat  of  280^.  When  submitted,  in  a  crucible,  to  a  high 
temperature,  it  fuses;  and  is  volatilized  without  losing  its  carbonic 
acid. 

The  strongest  solution  of  this  salt  that  can  be  obtained  has  the 
specific  gravity  1.54,  and  contains  48.8  per  cent,  by  weight  of  car- 
bonate, or  8  atoms  of  water  to  1  of  salt. 

Hence  when  an  alkali,  which  should  consist  almost  entirely  of 
carbonate  of  potassa,  is  adulterated,  as  very  often  happens,  with 
substances  of  little  solubility,  the  fraud  may  be  detected  by  trying 
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how  much  uf  one  ounce  will  dissolve  in  two  or  three  ouncr-nKi' 
sures  of  water.  In  this  way  I  liavc  delcctcti  an  adutlcmiioD  nfane- 
thii'd  its  weight  of  Bulphsie  of  potassti.  There  are  f.ertain  sub- 
stancm  of  reetdy  Botubilily.  however,  which  may  he  uu-A  in  adal- 
teratiiiR  pearlashcs,  cnmmoD  salt,  for  rxnmplp;  and,  whi-n  thi«b 
doue,  wc  must  have  recourse  to  an  acid  tisi  for  the  mirans  of  dis- 
covery. The  best  that  can  be  employed  for  this  purpose  is  sulphuric 
acid,  of  sp.  gr.  1.  HI.  Of  this,  355  Gamins  hy  weight  ut:  c<)a>>»> 
lent  to  ihc  saturation  of  100  grains  of  carbonate  of  notaxss.  Dis- 
solving;, therefore,  that  quantity  of  the  carbonate  in  water,  inii 
gradually  adding  the  test,  so  as  to  produce  ncutrnlitation,  wc  Inra, 
by  the  (|uantity  of  acid  expended,  the  cjuantity  of  real  cariwnstc 
which  has  been  acted  upon ;  for  as  355  to  100,  eo  is  tbe  weight  t£ 
tb£  test  which  has  been  used  to  the  nunilwr  required. 

M  Bi-carbonale  of  Polatin. 

Carbonate  of  potassa  may  1>e  much  more  highly  chBTSCd  willt 
carbonic  acid,  by  exposing  a  solution  of  one  part  of  the  cariwuu 
in  five  of  water  to  streams  of  carbonic  acid  g&n,  in  a  Nooth's  aor 
chine,  or  other  apparatus;  or  by  the  process  to  be  hcrcafier  de- 
scribed. When  a  solution  of  alkali,  after  this  treatment,  is  rcry 
slowly  evaporated,  il  forms  regular  crystals.  Accordlog  la  Dr. 
WollRslon,  the  qliantity  of  acid  in  the  bi-carbonate  is  exactly  douUe 
that  in  the  carbonate.  (Phil.  Trans.  1808.)  This  he  proves  br  dis- 
engaging the  car'ionic  acid  from  each  by  a  stronger  acid,  such  as 
the  sulphuric,  when  one  part  of  the  bi-carbonate,  considered  apart 
from  its  water  of  crystallization,  is  found  lo  give  twice  as, much 
carbonic  acid  as  the  sub-sail.  Herthollet  obtained  189  grains  of  car- 
bonic acid  from  5(10  of  this  sail;  and,  as  nearly  as  possible,  the 
same  quantity  from  lOllO  grains  of  the  salt,  reduced  by  calcinaiion 
to  the  stale  of  carbonate.  (Mem.  d'Arcueil,  ii.  4r0.)  The  follow- 
ing Table  exhibits  the  composition  of  the  bi-carbonate,  as  siaird 
by  Vauquelin,  and  by  Dr.  Wollaston.  One  hundred  grains  contain. 

According  to  Dr.  Wollaston  -     -     -    -     43)9  I  4"l  I  9.0 

Vauquelin  .    -     .     -     4r.     |  46.     |  7. 

The  atomic  constitution,  deduciblc  from  these  proportions,  is  1 

atom  of  potassa  =  48,  2  atoms  of  carbonic  acid  =  44,  and  1  atom 

of  water  ■=  9,  in  all  101,  which  last  is  its  representative  number. 

The  ni-cA  lino  NATE  or  potassa  differs  from- the  carbonate  in  ihc 

following  particulars: 

1.  In  the  gri'atfi'  mildness  of  its  laste.  Though  still  alkaline,  vet 
it  may  be  applied  to  the  tongue,  or  taken  into  the  stomaeh,  wiihoui 
exciting  any  of  that  burning  sensation  which  is  occasioned  by  the 
carbonate. 

2.  It  is  unchanged  by  exposure  lo  the  almosplierc. 

3.  It  assumes  the  shape  of  regular  crystals. 

4.  It  requires,  for  solution,  4  limes  its  weight  of  water  at  CC; 
and,  while  dissolving,  absorbs  caloric.   Doiling  water  dissolves  fir^ 


■ECT.  I.  POTAiaiOIf.  4Bt 

sixths  of  its  weight;  but,  daring  this  aolutioDt  the  salt  is  partly 
decomposed,  as  is  manifested  by  the  escape  of  carbonic  acid  gas. 
The  quantity  thus  separated  amounts,  according  to  Bcrthollct,  to 
about  -j^th  the  weight  of  the  salt.  Diibcreiner  finds,  also,  that  the 
crystals,  when  dissolvcil  in  the  smallest  possible  quantity  of  water, 
or  when  covered  with  water,  and  left  for  half  an  hour  in  a  vacuum, 
lose  one-fourth  of  their  acid. 

5.  By  calcination  in  a  low  red  heat,  one-half  of  the  carbonic  acid, 
and  all  the  water,  arc  impelled,  and  the  salt  returns  to  the  state  of 
carbonate.  This  is  the  best  method  of  obtaining  pure  carbonate  of 
potassa  for  chemical  purposes. 

The  primary  form  of  this  substance  is  a  Kg- 1- 

right  wHqut-angled  priim,  which  is  not 
readily  traced  in  the  secondary  crystals,  but 
may  be  derived  from  cleavage,  and  is  shown 
in  fig.  I.  There  is  also  a  cleavage  parallel 
to  a  plane  passing-  through  the  diagonals 
marked  on  the  terminal  planes. 

PonM,  orT 90°  00' 

M  on  the  diagonal  plane     •    -      33     15 

M  on  T 103     £5 

The  planes  which  appear  on  the  cryttals  are 
represented  in  figure  2;  but  the  planes  e  arc 
sometimes  very  disproportionately  extended,  so 
as  nearly  to  efface  T  and 7^  giving  to  the  crystals 
the  character  of  another  primary  form. 

The  planes  T  do  not  commonly  occur  on  the 
crystals,  and  without  these  they  ncarlv  resemble 
a  secondary  form  of  the  righi  rfumwic  prirmf 
they  may,  however,  be  distinguished  by  the  un- 
equal inclination  of  M  on  the  two  adjacent 
planes.  On  cleaving  or  otherwise  breaking  the 
crystal,  water  may  be  observed  between  the  laminx,  which  probst- 
bly  occasions  the  measuremenu  on  the  cleavage  not  accurately  to 

This  is  the  case  with  many  other  factitious  salts. 

M  <Hi  plane  parallel  to/    -    -    -    127°  35' 

M  on  < 126    45 

T  on  e 156     50 

T  on/ 128     50 

« on/ 105     40 

Mond Ill     00 

dond' 138    00 

{k)  Bi-carbonate  of  potassa,  in  all  its  forms,  is  decomposed  by 
the  stronger  acids;  as  the  sulphuric,  nitric,  and  muriatic,  which 
■nite  with  the  alkali,  and  set  the  gaa  at  liberty.  This  may  be  shown 
by  pouring,  on  the  carbonate  contained  in  a  gaa  bottle,  any  of  the 
acids,  and  collecting  the  gas  by  a  proper  apparatus. 

Saqtd-ca^nate  ypoUuaa  seems  to  have  been  obtained  accident- 
ally in  a  single  initance.  lu  constitution  Is  stated  by  Dr.  Thomson 
(First  Princ  of  Cbem.  iL  335),  to  be 


li  atom  of  carbonic  acid  -  -  -  S3 
I  atuiii  of  potassa  -  -  •  •  -  48 
6    atomftttf  wftter     .....    54 


Tht  mih-lior/Uf  of  potasm  U  a  salt  which  is  little  known.  It  aaj 
be  formed  by  ihe  diitct  combination  of  liquid  hydrktc  of  poUiM 
with  boracic  acid. 

PhonphUe,  Phosjihalc,  ^c  o/"  Polwaa. 

Ilypo-pliospfiilf  nf  jmlassa  tn-iy  be  formed  by  llie  direct  comlMU- 
tion  of  its  ini^rcdients.  It  is  a  (lcli(|ut; scent  salt,  readily  lolubk  di 
water,  and  in  alcohol.  Wlien  healed  in  a  glass  tube,  pttogpharetrd 
hydro)ji:ii  is  disengaged;  phosphorus  is  deposited  on  tJic  inxide  o( 
the  tubuhand  a,  yellowish  residue  is  left  of  phosphate  uf  potatsa. 
(See  Hose.  Ann.  Ch.  et  Ph.  July  1828.) 

Phoaphiit  ofpotama  is  a  neutral  salt,  not  crystatlizable,  dcBqiin- 
ccnt,  and  very  soluble  in  water,  but  not  in  alcohol.  When  heutd. 
a  yellow  residue  is  left,  which,  with  acids,  gives  a  little  pboapbn- 
reted  hydrogen. 

Phosphate  of  potaiaa  may  be  obtained  by  ncutratiung  a  solntioo 
of  carbonate  of  potassa  with  phosphoric  acid,  coDCentraling  Ike 
solution,  and  setting  it  aside  for  some  days  to  crystallize^  (TTiom- 
aon's  First  Princ.  ii.  256.) 

This  jibosphjte  lias  lillle  taslc.  Ry  the  action  of  licat  ]'.  iirj.icr- 
gocs  the  ignuous  fusion.  The  vcgciable  grains  belongiiiij  to  ihe 
cerealia  contain  a  small  quantity  of  this  salt.  It  is  a  compound  of 
1  atom  of  phosphoric  acid,  I  atom  of  potassa,  and  I  atom  of  water. 

Sub-phosphiite  of  potasm  may  he  obtained  by  fusing  phosphate 
and  hydrate  of  potassa  together  in  a  platinum  crucible,  U  is  in- 
soluble in  cold,  and  very  sparingly  sohible  in  hot  water.  It  is  pro- 
bably constituted  of  i  atoms  of  potassa  and  l  atom  of  acid, 

Bi-phosphatc  of  potassa  has  been  very  Utile  examined. 

SuIphuTct  ofPoltisaa. — IJydro-S'ilfihiiret,  Ihidro^irtied  Sulphurtt, 
J/i/posri/phiU;  ami  Sulphilr.  ofPolassa. 


Sulphurel  of  potassa. — It  is  unnecessary  to  add  any  thing  to  wh»t 
has  already  been  said  of  this  supposed  compound  in  the  gcntrjl 
remarks  on  sulphurets,  page  4i%  and  in  speaking  of  sulphuret  of 
potassium,  pai,'i:  449. 

Hyilro-&ulphiirct  of  po/assa  may  lie  formed  by  transmitting  a  cur- 
rent of  sulphureted  hydrogen  gas  through  liiiuid  hydrate  of  po!M- 
sa,  which  acquires  a  yellow  colour,  and  an  offensive  smell.  It 
forms  large  transparent  crystals,  not  unlike  those  of  sulphate  o( 
soda,  but  having  the  shape  of  four-sided  prisms  acuminated  wiili 
four  planes,  or  of  sivsidcd  prisms  acuminated  with  six.  planes.  It 
is  deliquescent,  and  runs  into  a  thick  syrupy  liquor,  which  gi»e* 
ft  green  colour  to  the  siiin.    It  dissolves  rea«lily  in  water  aadal- 
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cohol,  with  s  production  of  cold.  On  adding  any  diluted  acid, 
abundance  of  lulphureted  hydrogen  is  diiengaged,  but  no  sulphur 
is  deposited.  vau(|uelin  found  that  its  solution  in  water  may  be 
evaporated  to  dryness  without  decomposing  the  hydrosulphuret; 
for  on  heating  the  residuum,  mixed  with  sulphur  in  a  retort,  sul- 
phurcted  hydrogen  was  copiously  evolved. 

Hydrogureted  nilphuret  offioltuta  may  be  fonncd  hy  boiling  flow- 
ers of  sulphur  in  liquid  hj'dratc  of  potassa,  or  by  digesting  sulphur 
with  the  lii[uid  hyilro-sulphuret.  The  resulting  product  may  be 
considered  as  a  compound  of  bi-sulphureted  hydrogen  with  potaa- 
sa,  in  proportions  not  yet  ascertained.  By  mere  solution  in  water, 
the  sulphuret  of  potassa  is  partly  changed  into  this  substancj.  Ac- 
cording' to  Proust,  red  oxide  of  mercury,  digested  with  hydrogu- 
reted sulphurets,  removes  the  sulphureted  hydrogen,  and  what  re- 
mains is  a  pure^iiiuid  sulphureL 

Ifypo-tvlfihiU  of  polasta. — This  salt  is  best  formed  by  exposing 
the  hydrogureted  sulphuret  to  the  atmosphere,  till  it  has  lost  its 
colour,  after  which,  on  evaporation,  it  crystallizes  in  the  form  of 
fine  needles;  or  by  decomposing  hydro-sulphurct,  or  hydrogureted 
sulphuret  of  potassa,  hy  sulphurous  acid.  The  salt  has  a  taste, 
at  firsl  not  unlike  that  of  nitre,  succeeded  by  bitterness,  and  it  is 
deliquescent.  When  carefully  dried,  it  takes  fire  on  raising  the 
heat,  and  bums  somewhat  like  tinder,  but  with  a  feeble  blue  flame. 
It  dissolves  chloride  of  silver,  even  when  very  dilute,  with  great 
readiness. 

Sulphile  of  potassa  maybe  formed  bypassing  sulphurous  acid 
into  a  saturated  solution  of  carbonate  of  potassa,  till  all  efiervcs- 
cence  ceases.  The  solution  becomes  warm,  and  crystallizes  on 
cooling  in  rhomboidal  plates,  or  in  small  needles  diverging  from  a 
common  centre,  which  have  sometimes  a  yellowish  tin|j;e.  It  has 
a  pungent  and  sulphurous  taste,  and  is  soluble  in  an  etiual  weight 
of  cold,  or  in  a  less  proportion  of  boiling  water.  At  the  tempera- 
ture of  3(}0°  Fahrenheit,  it  loses  only  about  Z  per  cent.;  but  when 
more  strongly  heated,  the  salt  is  decomposed,  and  suffers  a  loss  of 
about  22  per  cent.,  of  which  15  arc  sulphurous  acid,  5  sulphur,  and 
S  water.  When  thrown  into  a  red  hoc  crucibk',  a  blue  flame  ari- 
ses from  it.  Its  solution,  exposed  to  the  air,  slowly  attracts  oxy- 
gen, and  is  convened  into  sulphate  of  potassa.  l-'rom  Dr.  Thom- 
son's analysis,  it  is  constituted  in  100  parts,  of  2  water  +  54.5 
base  +  43,5  acid. 

Sulphate  of  Potassa. 

Sutpliait  of  potassa. — This  salt  may  be  formed  by  saturating  the 
carlionate  of  potassa  with  sulphuric  acid,  and  crystallizing  the  so- 
lution. It  is  a  refuse  product,  also,  of  several  cittniical  operations- 
Its  properties  are  the  following: 

(a)  It  crystallizes  in  small  six-sided  prisms,  terminated  by  six- 
sided  pyramids  with  triangular  faces.  The  forms  of  its  crystals 
are  represented  by  Mr.  Levy  in  the  Quarterij  Journal,  xv.  885, 
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and  by  Mr,  PliUlips  in  the  Annals  of  Philosophy,  N.  5,  tv.  SU. 
Its  snrcific  gravity,  accopding  to  llassenfratz,  i»  sLOJ'S. 

(A)  ii  has  u  liitk-r  taste. 

(t)  It  decrupitatcB  wheo  thrown  on  a  red-hot  iron,  or  an  rvd-hot 
coaJs,  and  is  volutilised  liy  a  strong  heat,  first  running  into  fiuka. 
By  a  l<>v  red  hcut  il  loses  very  little  of  its  wcig^ht,  iioi  more  ihaa 
one  and  a  half  or  two  per  cent.  Indeed  it  does  not  cMcntiaily  cod- 
lain  any  water. 

{(/)  Water,  at  60°  of  Fahrenheit,  takes  up  only  one-aUteentli  at 
itx  weighty  but  boiling  water  dissolves  one-fifth,  or  by  coDtiniUBg 
Uie  application  of  heal  even  one-fourth. 

(f)The  composition  of  this  salt  is  determined  by  the  (luantitref 
anlphate  of  baryta,  which  its  solutibn  aflbrds  when  decompoMtl  by 
uny  barytic  salt.  From  100  parts  of  the  ignited  salt.  diMolied  ia 
water.  Dr.  Marcet  obtained  132  of  sulphate  of  iMrytn,  Bcnrlhia 
134.68,  and  Mr.  R.  Phillips  136.7.  Hence  the  coniposttioa  of  ibe 
salt  (reckoning  the  acid  in  sulphate  of  baryta  at  33.$  pcrccab)  !■ 

Acid.  ^K. 

According  to  Dp.  Marcet    -     -    44.22    -  -  55.7* 

Mr.  Phillips       -    45.79     -  .  H.«l 

Berzelius  -     -     .    45.0       -  .  55.0 

There  can  he  no  doubt  that  it  is  constituted  of 

1  atom  of  sulphuric  acid     -    -     40     -     .  -  45.45 

1  atom  of  poiasaa 48    .     -  -  54.55' 

Atomic  Weight       88  loa 

(/)  Sulphate  of  poCassa  is  decomposed,  at  high  tempera (u res,  by 
charcoal,  the  carbon  uniting  with  the  oxygen  of  the  sulphuric  acid 
and  with  that  of  the  potassa,  and  escaping  in  the  slate  of  carbonic 
acid  gas.  What  remains  is  a  compound  of  sulphur  and  potassium. 
No  change  is  eflectcd  in  sulphate  of  potassa  by  fusion  with  sulphur, 
which  sublimes  unaltered. 

Scsqui-sulphate  of  Potassa. 
Dy  dissolving  and  crystallizing  the  solid  mass  remaining  after 
the  preparation  of  nitric  aciil,  Mr.  R.  Phillips  obtained,  on  one  oc- 
casion, crystals  entirely  differing  in  their  form  both  from  sulphate 
and  hi-sulphate  of  potassa.  (.\nn.  of  Phil.  Dec.  1837.)  They  were 
extremely  minute  filaments  resembling  asbestos,  and  being  subject- 
ed to  analysis  appeared  to  consist  of 

3  atoms  sulphuric  acid 130 

3  atoms  polassa    -..-.-...        9(3 


225 
Jii'Sitlpluile  of  Potuasa- 

Iti-sulphatc  or  super-sulphate  of  potassa  may  be  obtained  by 
dissolving  in  hot  water,  the  mass  which  remains  in  the  retort  after 
distilling  nitric  acid  from  ctiuat  weights  of  sulphuric  acid  andni- 
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tre.  The  solution  filtered  through  paper,  evaporated,  and  left  to 
repose,  affords  crystals  of  the  bi«sulphate.  This  salt  was  shown 
by  Dr.  Wollaston  to  contain  twice  as  ntuch  acid  as  the  sulphate, 
with  which  it  may  be  contrasted  as  follows : 

Di-cnlphatc.  Sulphate. 

Potassa  -    -    -     48  or  1  atom    -    -    48  or  1  atom. 
Sulphuric  acid      80  or  2  atoms  -    -    40  or  1  atom. 

1£8  88 

Or  we  may  consider  the  bi-sulphate  as  formed  of  an  atom  of 
neutral  sulphate  and  an  atom  of  sulphuric  acid. 

The  bi-sulphate  has  an  intensely  sour  taste,  and  a  powerful  ac- 
tion on  blue  vegetable  colours.  One  part  is  soluble  in  two  of  wa- 
ter at  60^,  and  in  less  than  an  equal  weight  at  212^  It  is  insolu- 
ble in  alcohoL 

Hyp(h9ulphfde  cf  pottuaa  is  a  salt  of  which  little  is  known.  It 
crystallizes  in  cyfindroidal  prisms,  terminated  by  a  plane  perpen- 
dicular to  their  axis.  (Ann.  of  Phil.  xiv.  355,  and  Quart  Joum.  xv. 
285/) 

Ffuate  ofpotassiL-^Thtrc  are  two  compounds  of  fluoric  acid  and 
potassa.  The  acidjhiaie  or  bi^fluaie  forms  square  tables  with  trun- 
cated edges,  readily  soluble  in  water.  By  heat  it  fuses,  nves  va- 
pour of  fluoric  acid,  and  leaves  74.9  per  cent,  of  neutral  fluate.  It 
contains  11.6  per  cent,  of  water.  It  is  constituted  of  1  atom  of 
neutral  fluate  and  1  atom  fluoric  acid.  (Berzelius.) 

77^  neutrdJhujUtof  potaBsa\%  crystallizable,  and  deliquescent 
Its  solution,  which  is  alkaline,  attacks  glass  in  a  day  or  two,  and 
destroys  its  polish.  When  the  liquid  is  rendered  neutral  by  acetic 
acid,  it  becomes  on  farther  dilution  with  water  strongly  acid,  and 
the  vinegar  is  set  at  liberty. 

SelenUe$  of  potassa. — Selenious  acid  is  capable  of  uniting  with 
potassa  in  three  different  proportions,  and  of  composing  cither  a 
selenitc,  bi-sclenite,  or  quadn-selcnite ;  but  as  these  salts  are  not 
of  much  importance,  I  refer  for  their  description  to  Berzelius*s 
paper  in  the  9th  volume  of  Ann.  de  Chim.  et  de  Ph.  p.  257,  where 
they  are  described  as  seleniates.  (See  p.  346  of  this  volume.) 

Cyanide  of  potassa. — Cyanogen  is  absorbed  by  liquid  hydrate  of 
potassa,  andf  a  solution  is  obtained,  which  has  scarcely  any  colour 
unless  the  cyanogen  is  in  excess,  when  it  becomes  brown,  and  ap- 
parently carbonaceous.  This  solution  affords  prussian  blue  when 
added  to  an  acid  solution  of  iron,  carbonic  acid  escaping,  and  a 
smell  of  hydro-cyanic  acid  being  at  the  same  time  perceptible. 
The  volume  of  carbonic  acid  produced,  it  has  been  shown  by  Gay 
Lussac,  is  precisely  equal  to  that  of  the  cyanogen  absorbed,  and 
he  has  rendered  it  extremely  probable  that  hydro-cyanic  acid  and 
ammonia  are  at  the  same  time  generated. 

Hydro-cyanate  of  potassa  may  be  formed  by  the  mixture  of  hydro- 
cyanic acid,  and  liquid  hydrate  of  potassa.  It  is  very  soluble,  is 
alkaline  to  the  taste,  and  turns  syrup  of  violets  green  ;  it  is  decom- 
posed by  the  weaker  acids,  even  by  the  carbonic.  With  salts  hav- 
ing protoxide  of  iron  for  a  base,  it  gives  a  precipitate  which  is  at 


firsl  orange  colourttl,  ami  urtcrwards,  fiy  exposure  to  ihe  air,  chui^ 
■uccestivcly  lo  ^rcen  and  lo  deep  blue.  From  solutions  amtaJiuat 
peroxide  of  iron,  it  causes  a  pale  blue  [trccipilotc,  the  c«limr  <■ 
which  become*  deeper  by  «pofturc  to  oir.  When  cklcinetl,  ibc 
acid  ingreiiicnl  ubandons  its  hydro);Gn,  and  the  salt  bccom**  h<ya- 
nide  ofpolaitiimu 

FrTTn-eyimalf  o/polasta. — When  the  salt  just  described  U  iigta- 
ed  in  n  aiate  of  solution  with  protoxide  of  iron,  a  portioo  ofiht 
oxide  isdiBaolvcd,lheBoluiion  becomes  yellow,  and,  un  adding  oum 
hydro-cyanic  acid,  is  rendered  neutral,  cryHlaltiublc,  and  capable 
of  resisting  de  cum  position  by  weak  acida.  Bui  the  aamc  compooail 
may  be  belter  fonuetl  by  digesting  prussian  blue  in  fine  powikf 
with  liquid  hydrate  of  potassa.  The  common  pru»>»ian  bloc  orccm- 
mercc  should  first  be  heated  with  an  equal  weight  of  sulphuric  acid, 
which  has  been  diluted  with  five  at- six  parts  of  water,  and  tbmbe 
washed  with  a  largb  quantity  of  distilled  water.  This  wUf  rrinove 
Ihc  alumine  whicli  it  always  conluns.  After  being  thai  puri^d, 
it  may  be  added  lo  the  hydrate  of  potassa,  aa  long  as  ihat  Vniuur 
continues  alkaline.  The  filtered  liquor,  when  evaporated  and  cool- 
ed, deposits  crystals,  which  arc  quadrangular  prisms.  ThcM  inif 
be  purified  by  a  second  crystallization. 

The  ferro-cyanate  (formerly  called  triple  prussialc)  of  potaass  a 
a  transparent  salt,  often  in  fine  lar^  crystals,  of  a  lemon  yellow 
colour,  the  mathemalical  form  of  which  isdcscriived  by  Mr.  Brooke 
in  the  Annals  of  Philos.  N.  S.  vi.  41,  and  by  Mr,  !..  ^^  in  rli..- Quart. 
Journ.  IV.  2KB.  It  is  free  from  taste  and  smell.  lis  specific  gravity 
is  l.83C>.  Water  at  G0°  Fahr.  dissolves  nearly  one-lhird  of  iis  »  eight, 
and  boiling  water  nearly  an  equal  weight  of  the  salt.  When  heated, 
it  loses  13  per  cent,  and  becomes  white,  but  does  not  run  into  fu- 
sion, or  undergo  decomposition.  Submitted  to  a  slvU  higher  tem- 
perature i"  a  retort,  it  is  decomposed,  and  yields  hydro-cyanic  acid 
and  umniunia,  beside  carbonic  acid,  carbonic  oxide,  and  carbureted 
hydrogen ;  and  a  residue  is  left,  compo!>ed  of  charcoal,  metallic  iron, 
and  potassa,  which  last  is  still  united  with  more  or  less  cyanogen. 
(See  Kobiquet,  Ann.  de  Ch.  et  de  Phys.  ivii.  205.) 

Diluted  acids  have  little  action  on  ferro-cyanate  of  potassa, except 
with  tlie  aid  of  beat,  and  then  Ihe  sulphuric,  muriatic,  and  cvru 
Ibe  acetic  acids  disi-ngagc  a  certain  <|uantiiy  of  hydro-cyanic  atid. 
and  occasion  a  while  precipitate,  the  nature  of  which  is  not  undtr- 
slood.  Hed  iixide  of  mercury,  digested  with  a  solution  of  the  sail. 
dccoin|nises  il,  and  gives  rise  lo  the  furmaliun  of  cyanide  of  mer- 
cury, iiiicl  to  ibc  disengagement  of  free  alkali,  and  of  peroxide  of 
iron  ;illa<lie(!  lo  a  little  acid. 

The  sohitiiiii  of  ferio-eyauateof  potassa  is  not  precipitated  bv  al- 
kalies, or  by  alkaline  salts,  but  is  decomposed  by  some  of  the  eariM, 
and  by  almost  all  the  metallic  salts.  The  following  Table  bv  >i- 
Thenard  shows  the  colours  of  the  precipitates,  thrown  down  froni 
various  solutions,  both  by  the  ferro-cyanate,  and  bydro-cyauate  "^ 
potassa. 


SECT.  I. 


POTASSIUM. 


467 


TaUe  of  the  Oobun  of  PredpiMufmn  MeiaKe  Sohuioni. 

From  M)l«tloni  of  tfthi  of  Br  feno-eyuiaie  of  poCatHb  Bj  kydro-cjanate  of  pot«Ma. 

Manganese   -    -    -     White Vcliow. 

Iron  (protoxide)     -    White Orange, 

rdeutoxide)    -     Pale  blue  -    -    -    -  Bluish  green. 

(tritoxide)      -     Deep  blue      -    -    -  Scarcely  any. 

Tin White White. 

Zinc Ditto Ditto. 

Cadmium      -    -    -     Ditto   -----  Ditto. 

Antimony      -    -    -    Ditto Ditto. 

Uranium  -    -    -    -    Blood  red      -    -    -  Yellowish  white. 

Cerium    ...    -    White 

Cobalt Grass  green  -    -    -  Cinnamon. 

Titanium  ....    Reddish  brown  -    - 

Bismuth  ...    -    White White. 

Copper  (protoxide^     Ditto Ditto. 

—  (deutoxide;      Deep  brown  -    -    -  Yellow. 

Nickel      .    -     .    .    Apple  green  -    -    -  Yellowish  white. 

Lead White 

Mercury  (deutoxide)  Ditto Yellow. 

Silver White,  changing  to  White,  soluble   in   an 

blue  -----        excess  of  hydro-cy- 
an ate. 
Palladium     -     -    -     Olive   -    -    -     -    - 
Platinum  -    -    .    .    Yellow      .     .    -    - 

Gold White White,  becoming  yel- 
low. 

Mr.  Porrett  states  the  composidon  of  ferro-cyanate  of  potassa  as 
follows:  (Ann.  of  PhiL  xiv.  298.) 
Potassa     -    40.34    -    -     ca  i  atom 
Iron      .    -     11.76    -    -     —  J  ditto"^ 

Carbon      •     20.17    •    -     ■■4  ditto  I  forming  one  atom  of  ferro- 

Azote    -    -     11.76    .    -     obI  ditto  j  cyanic  acid. 
Hydrogen          .84    -    -     ■-  1  dittoj 
Water  -     -     15.13     -    -     » 2  ditto 


loa 


The  ferro-cyanate  of  potassa  has  since  been  analyzed  with  great 
care  by  Berzelius.  He  decomposed  it  by  heating  it  with  peroxide 
of  copper,  and  obtained  carbonic  acid  and  azotic  gases,  in  the  pro- 
portions in  which  they  are  evolved  by  the  decomposition  of  cyano- 
gen, viz.,  2  volumes  of  the  former  and  one  of  the  latter.  Hence  he 
considers  it  as  a  cyanide,  and  not  a  prussiate,  and  deduces  its  com- 
position to  be  2  atoms  of  cyanide  of  potassium  «■  132  -f  1  atom  of 
cyanide  of  iron,  ■■  54,  united  with  3  atoms  of  water  of  crystalliza- 
tion, ■■  27,  making  together  an  atomic  weight  of  213.  This  cya- 
nide, in  common  with  all  those  in  which  the  metal  is  strongly 
electro-positive,  as  those  of  sodium,  barium,  ftcc,  he  believes  to 
continue  such,  even  after  solution  in  water;  while  the  cyanides 
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with  weaker  bases,  such  as  ihose  of  ammonta,  and  many  of  tV 
meialUc  oxides,  become,  on  ihe  contimry,  hydros j'anKtca. 

The  last  analysis  of  the  triple  prussiate  i«  that  of  Mr.  TL  PbiDina, 
published  in  the  Annals  of  Phil,  for  February  1827.  Ula  rcwlB 
ag^ree  very  nearly  with  those  of  Bei'zeliua,  the  grcatut  diScnscc 
bein^  in  the  (|uantity  of  potassium,  whir.h  he  makes  about  0.6  per 
cent,  less,  and  in  that  of  iron,  which  exceeds  Mr.  Porrett's  estimaie 
by  l.B  per  ccnL  Reduced  to  powder,  and  dried  in  a  moderatdy 
hot  sand-bath,  Mr.  Phillips  found  the  loss  lo  be  12.5  per  ccnL  « 
water.     According  (o  the  original  view  of  Berzelius,   this  water 

Ere-exiated  in  the  salt ;  but  if  the  new  view  of  that  author,  quoad 
y  Mr.  Phillips,  and  already  stated  jn  the  section  on  ferro-cnuc 
acid,  be  correct,  it  may  be,  partly  at  least,  formed  during  the  deuo- 
cation.  It  is  less  indeed  in  determining  the  proportions  of  the 
dements  of  the  salt  and  those  of  the  acid,  than  lu  acquirinfi  a  juM 
view  of  the  mode  in  which  the  elements  arc  combined  in  each,  that 
the  diflicully  consiiits.  Mr.  Phillips  thinks  it  probable  that  if  the 
three  atoms  of  water,  expelled  from  the  triple  salt  by  heat,  do  lot 
previously  exist  in  it  as  such,  but  arc  formed  by  tlie  proceu,  tke 
salt  may  be  regarded  as  an  anhydrous  ferro-cyanate  of  potaasa,  tarn- 
stituteil  of  ^— 

1  atom  of  fcrro-cyanic  acid    ..-■.■.■,    ||7    ^^K 
S  atoms  of  base  (potassa)       ......      96      ^H 

SIS 
Thus  viewed,  it  is  a  di-ferro-cyanale i  but  the  experiments  pro- 
mised by  Mr.  Phillips  will,  it  is  to  be  hoped,  clear  up  the  obscurity 
that  still  prevails  on  this  subject. 

Combination  of  chlorine  withprusmtie  ofpolaasa.—^y  passing  chlo- 
rine gas  through  a  solution  of  prussiale  of  potassa,  Gmelin  obtain- 
ed a  dark  greenish  yellow  liquid,  from  which  regular  crystals  were 
procured  by  evaporation.  These  he  considered  as  a  cyanide  of  iron 
and  potassium.  Mr.  J.  P.  W.  Johnston  adopted  a  different  method, 
and  over  prussiate  of  potassa  carefully  deprived  of  its  water  of 
crystallization,  in  which  state  it  is  white,  passed  chlorine  for  seve- 
ral days.  The  white  powder  became  of  a  beautiful  bright  yellow 
colour,  and  its  solution  in  water  which  had  a  similar  colour,  gave, 
on  evaporation,  crystals  partly  red  and  partly  yellow,  the  6rst  bring 
a  new  salt,  ihe  latter  common  prussiate.  When  the  pulverized 
crystals  of  common  prussiate  are  similarly  treated,  they  lose  their 
3  atoms  of  water,  and  chlorine  is  absorbed  as  before.  The  compo- 
sition of  the  new  salt  is  stated  by  Mr.  Johnston  as  follows : 
2  atoms  anhydrous  prussiate  of  potassa  -  -  373 
I  atom  chlorine 36 

4oa 

The  view  of  the  constitution  of  this  compound,  which  Mr.  John- 
ston is  most  disposed  to  take,  is,  that  it  consists  of  1  atom  chloro- 
ferro-cyanic  acid  (248)  -f  4  atoms  potassium  (160),  its  atontK 
weight  being  the  sum  of  these  numbers  408.     The  acid  in  the 
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above  salt  he  regards  as  containing  neither  oxygen  nor  hydrogen ; 
but  its  further  investigation  ivill  be  the  object  of  Mr.  Johnston's 
future  experiments.  It  forms  salts,  all  of  which  have  a  deep  red 
colour,  and  arc  more  or  less  combustible.  (Edin.  Phil.  Trans.  1828.) 


SECTION  11. 

Sodium. 

Sodium  was  discovered  in  1808  by  Sir  H.  Davy.  It  is  procured 
by  a  process  exactly  resembling  that  employed  in  preparing  potas- 
sium, with  this  obvious  difference,  that  hydrate  of  soda  must  be 
substituted  for  that  of  potassa.  In  its  external  characters  and 
chemical  properties,  it  bears  a  near  resemblance  to  potassium,  and 
it  is  chiefly  by  examining  the  results  of  its  action,  that  we  discover 
its  differences  from  the  latter  metaL 

I.  Sodium,  at  common  temperatures,  exists  in  a  solid  form.  It 
is  white,  opaque,  and,  when  examined  under  a  thin  film  of  naphtha, 
has  the  lustre  and  general  appearance  of  silver.  It  is  exceedingly 
malleable,  and  much  softer  than  any  of  the  common  metallic  sub- 
stances. When  pressed  upon  by  a  platinum  blade  with  a  small 
force,  it  spreads  mto  thin  leaves;  and  a  globule  of  -j^th  or  ^th  of 
an  inch  in  diameter  is  easily  spread  over  a  surface  of  a  quarter  of 
an  inch.  This  property  is  not  diminished,  by  cooling  it  to  32°  Fah- 
renheit. Several  globules,  also,  may,  by  strong  pressure,  be  forced 
into  one ;  so  that  the  property  of  wdding^  which  belongs  to  plati- 
num and  iron  at  a  high  degree  of  heat  only,  is  possessed  by  this 
substance  at  common  temperatures. 

II.  It  is  lighter  than  water.  As  near  as  can  be  determined,  its 
specific  gravity  is  as  0.972  to  1. 

III.  It  is  much  less  fusible  than  the  base  of  potassa.  At  120°  Fah- 
renheit, it  begins  to  lose  its  cohesion,  and  it  is  a  perfect  fluid  at 
180°  or  190°.    Hence  it  readily  fuses  under  heated  naphtha. 

IV.  Its  point  of  vaporization  has  not  been  ascertained ;  but  it  re- 
mains fixed,  in  a  state  of  ignition,  at  the  temperature  of  fusion  of 
plate  glass. 

V.  When  sodium  is  exposed  to  the  atmosphere,  it  immediately 
tarnishes,  and  by  degrees  becomes  covered  with  a  white  crust  of 
soda,  which  deliquiates  more  slowly  than  that  formed  on  potassium. 
It  is  not  changed,  however,  by  air  that  has  been  artificially  dried. 

VI.  It  combines  with  oxygen,  slowly  and  without  luminous  ap- 
pearance, at  all  common  temperatures.  When  heated  to  its  fusing 
point,  the  combination  becomes  more  rapid ;  but  no  light  is  emit- 
ted till  it  becomes  nearly  red-hot.  The  flame,  which  it  then  pro- 
duces, is  white,  and  it  sends  forth  bright  sparks,  exhibiting  a  very 
l>eautiful  effect  In  common  air,  it  bums  with  a  similar  colour  to 
charcoal,  but  with  much  greater  splendour. 

VII.  When  thrown  into  water,  it  produces  a  violent  efiervesccnce 
and  a  loud  hissing  noise;  it  combines  with  the  oxygen  of  the  water 
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to  form  soda;  and  hydrogen  gas  is  evolved,  which  iloet  not,  haw- 
ever,  as  in  the  case  of  potassium,  hold  any  of  the  alludtoe  baa«  [»  k- 
lutioii.  Neither  can  sodium  be  made  to  dissolve  in  hrdrogvn  gtt, 
by  being  heated  in  contact  with  iL 

When  thrown  into  hot  water,  the  decomposition  is  more  vloleat, 
and  in  this  case  a  few  scintillations  arc  generally  observed  »t  the 
surface  of  the  fluid;  but  this  is  owing  to  small  particles  of  Ihe  but, 
which  ore  ejected  from  the  water,  suRicienlly  heated  to  bum  in 
passing  through  the  atmosphere. 

VIII.  Us  action  on  alcohol,  ether,  volatile  oils,  and  acids,is  unu- 
)ar  to  that  of  potassium ;  but  with  nitric  acid  a  vivid  inHimnutiiM 
is  produced, 

IX.  Sodium  appears  to  be  susceptible  of  different  degrees  of  oxi- 
dation. 1st  When  it  is  fused  with  dry  soda,  a  partition  of  cnyf>«s 
tabes  place  between  the  alkali  and  the  metal.  A  deep  hrowa  Bnid 
is  produced,  which  becomes  a  dark  grey  solid  on  c<mliiig.  This 
substance  is  capable  of  attracting  oxygen  from  the  attnospbere, 
and  of  decomposing  water,  by  which  it  is  again  converted  into 
soda.  The  same  nub-OTtdc  of  sotRwm  is  formed,  by  funing  thti  mftal 
In  tubes  of  plate  glass.  It  is  of  a  greyish  colour,  destitute  of  lustre, 
brittle,  and  gives  hydrogen  when  acted  on  by  water,  but  lens  than 
an  equal  weight  of  sodium.  It  may,  however,  be  doubted,  whether 
this  is  a  compound  of  sodium  and  oxygen,  or  merely  n  mi^ivrc  o( 
the  metal  with  soda.  The  latter  opinion  ap[tears  to  me  the  nora 
probable. 

2(1.  The  next  oxide  of  sodium  is  toda.  It  maybe  formed  by  burn- 
ing sodium  in  a  ([uantity  of  air,  containing  just  oxygen  enough  to 
convert  the  racial  into  alkali.  It  is  of  a  grey  colour;  of  a  vitreous 
fracture;  and  requires  a  strong  red  heat  for  its  fusion.  This,  in- 
deed, may  be  considei-ed  as  the  true  protoxide  of  sodium,  constitut- 
ed, according  to  Gay  Lussac  and  Thcnard,  of  100  metal  •\-  35,993 
oxygen ;  or,  according  to  lierzelius,  of  100  of  the  former  ■\-  i4.373 
of  the  latter.  Sir  H.  Davy,  from  a  variety  of  experiments,  conclud- 
ed that  soda  is  a  compound  of  from  7A  to  '5  sodium  with  from  37 
to  25  oxygen,  and  in  one  instance  obtained  exactly  the  numbers  75 
and  25,  or  3  of  sodium  to  1  oxygen.  Indirect  experiments  on  the 
sails  of  soda  tend,  also,  to  show  that  in  its  anhydrous  state,  sodi 
is  constituted  of 

1  atom  of  sodium 24 

1  alom  of  oxygen 8 

Atomic  weight  -  39 
When  the  protoxide  is  brought  into  contact  with  water.  It  ab- 
sorbs it  with  great  heat,  and  cannot  be  again  separated  from  it. 
except  by  some  substance  which  it  attracts  still  more  powerfully. 
Even  after  fusion,  the  soda  is  still  a  hydrate,  containing  i  atom  of 
protoxide  =.  32,  +  1  atom  of  water  =  9,  together  41.  Hydrate 
of  soda  contains,  therefore,  2-21  per  cent,  of  water,  which  consider- 
ably exceeds  the  proportion  in  the  similar  compound  of  potassa. 

The  following  table  by  Mr.  Dalton  shows  the  proportion  of  real 
soda,  free  from  water,  in  solutions  of  different  specific  gravities. 
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The  first  liquid  compound  is  that  which  consists  of  1  atom  of  soda 
4-  2  atoms  of  water. 

Tabk  of  the  Quantity  of  Red  Soda  in  watery  SbhUions  of  different 

Specific  Gravities, 


AtoaM  of 

Soda  per 
cent  by 

Soda  per 

Specific 

Congealing 

■oda  water. 

ceat  by 

Gravity. 

point 

Boiling  point 

weight 

measure. 

1+     0 

100 

230? 

2.30? 

unknown. 

unknown. 

1+  1 

77.8 

156 

2. 

1000° 

red  hot 

1+     2 

63.6 

118 

1.85 

500° 

600° 

1+     3 

53.8 

93 

1.72 

250° 

400° 

1  +    4 

46.6 

76 

1.63 

150° 

300° 

1+     5 

41.2 

64 

1.56 

80° 

280° 

1+     6 

36.8 

55 

1.50 

265° 

34 

50 

1.47 

255° 

31 

45 

1.44 

248° 

29 

40 

1.40 

242° 

26 

35 

1.36 

235° 

23 

30 

1.32 

228° 

19 

25 

1.29 

224° 

16 

20 

1.23 

220° 

13 

15 

1.18 

217° 

9 

10 

1.12 

214° 

4.7 

5 

1.06 

213° 

3d.  The  peroxide  of  sodium  may  be  formed,  by  burning  the  metal 
with  an  excess  of  oxygen  gas.  It  is  of  a  deep  orange  colour,  very 
fusible,  and  a  non-conductor  of  electricity.  When  acted  on  by  wa- 
ter, its  excess  of  oxygen  escapes,  and  it  becomes  soda.  It  defla- 
grates with  most  combustible  bodies.  It  appears  to  be  constituted 
of  2  atoms  of  sodium  =s  48,  with  3  atoms  ot  oxygen  as  24,  and  its 
equivalent  number  is  therefore  72. 

CJdoride  of  Sodium. 

Sodium  bums  in  chlorine  gas,  and  is  converted  into  a  white  solid, 
having  a  penetrating  taste.  The  same  compound  results  from  heat- 
ing sodium  strongly  in  muriatic  acid  gas,  the  hydrogen  of  which 
is  liberated,  while  tbe  chlorine  combines  with  the  metaL  Or  it  may 
be  formed  by  saturating  carbonate  or  hydrate  of  soda  with  muriatic 
acid,  and  evaporating  the  liquid,  which  yields  chloride  of  sodium 
in  a  solid  form.  This  chloride,  also,  is  an  abundant  product  of  na- 
ture, being  that  well-known  substance,  common  salt,  which  is  be- 
come a  necessary  ingredient  in  the  food  of  man,  and  is  of  essential 
utility  in  several  of  the  arts.  For  purposes  of  experiment,  the  com- 
mon salt  may  be  employed,  which  is  usually  met  with  under  that 
name.  This  may  be  purified  by  adding,  to  a  solution  of  it  ju  cold 
water,  a  solution  of  carbonate  of  soda,  as  long  as  any  milkiucst» 
ensues;  filtering  the  solution^  and  evaporating  it  till  it  crystallizes. 
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n.  ItB  qualities  arc  as  follow: 

1.  It  crystallizes  in  solid  regular  cubes,  or,  by  hut|-  cvapontfai^ 
in  hollow  quadrangular  pirramids,  which,  when  the  sail  is  pare 
are  bat  little  changed  by  es.posure  to  the  air.  The  comtnca  nb 
of  the  shops,  however,  beingimpure,  act^uircsanincrcMc  of  weijM, 
in  consequence  of  the  absorption  of  moisture  The  varioiu  fonu 
under  which  il  appears,  of  stovcd  salt,  fishery  »att,  bay  Mil,  kc 
arise  from  modifications  in  the  size  and  eompacincss  of  the  gna, 
rather  than  from  any  essential  difference  of  chemical  coaipositiiW, 
as  I  have  shown  in  a  memoir  published  in  thr  I'hiL  Trana.  lor  I6I(L 

2.  It  requires,  for  soluiioo,  twice  and  a  half  its  vcighlofWtt, 
at  60°  of  Fahrenheit,  and  hot  water  takes  up  very  little  morb  Hma 
its  solution  crystallizes,  not  like  that  of  nitre,  by  cooling,  but  by 
evaporation. 

3.  When  heated  gradually,  it  fuses,  and  forms,  when  cohl,  a  solid 
compact  mass. 

4.  If  suddenly  heated,  as  by  throwing  it  on  red-hot  coils,  tide- 
crepitates.  It  does  not,  however,  after  being  dried  at  the  tenjiefa- 
turc  of  boiling  water,  lose  by  ignition  mure  than  two  or  ihnic  pvts 
of  water  per  em/.,  and  essentially  it  contains  no  water. 

5-  Il  is  not  decomposed  when  ignited  in  contact  with  inflmnns* 
ble  substances,  except  with  potassium,  which  sets  at  liberty  halt 
its  weight  of  sodium. 

6.  When  mixed  with  powdered  charcoal  or  sulphur,  and  fused 
in  a  crucible,  it  does  not  undergo  any  decomposition  or  csscniial 
change. 

7.  It  is  decomposed  by  the  carbonate  of  potassa,  the  alkali  of 
which  combines  with  the  muriatic  acid  of  ibe  salt,  and  the  carbonic 
acid  is  transferred  to  the  soda. — Hence  we  obtain  chloride  of  potai- 
sium  and  carbonate  of  soda.  A  process  for  effecting  this  decom- 
position, on  a  large  scale,  is  described  by  Westrumb,  in  Creli's 
Journal,  English  translation,  ii.  127. 

B.  It  is  decomposed  by  the  sulphuric  acid  in  the  mode  already 
described  (p.  3-13).  Nitric  acid,  and  other  acids,  also  separate  the 
muriatic  acid. 

When  chloride  of  sodium  is  dissolved  in  water,  it  passes,  by  the 
decomposition  of  that  fluid,  to  the  state  of  muriate  of  soda,  and  ii 
is  this  salt,  and  not  the  chloride  of  sodium  (which  last  can  only 
eiist  in  a  solid  form)  that  is  the  ingredient  of  sea  water  and  other 
solutions  of  common  salt.  Muriate  of  soda  is  composed,  in  100 
grains, 

According  to  Darcet  ...     of    -     -     -     49.27  -     5a73 

Bcrard  -.._-.-     43.        -     37. 

Dr.  Marcet     -    —     -     -     .     46.       -     54. 

.  Berzclius    -.—     .-.     46.56  -     53.44 

From  100  grains  of  transparent  rock  salt,  dissolved  in  water,  and 
nrecipitatcd  by  nitrate  of  silver,  I  obtained  244  of  luna  cornea ;  Dr. 
Marcet,  from  100  grains  of  pure  artificial  muriate  of  soda,  fused 
before  solution,  obtained  241.6;  Ik-rzelius  244.6;  and  Rose  243.4. 
Now  100  grains  of  luna  cornea  may  be  stated,  in  round  numbers, 
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to  ilenotc  34.65  grains  of  chlorine,  so  that  it  is  easy,  Tram  this  da- 
tum, to  calculate  the  composition  of  common  sail,  or  of  any  chlo- 
ride, which  has  bci-n  (lccum]iusi-d  by  nitrate  of  silver. 

When,  again,  we  expel  the  water  from  a  solution  of  common  salt, 
■WK  rc-pro(turc  the  chloride  of  sodium,  so  that  muriate  of  soda  can 
have  no  existence  except  in  a  Hiiid  state.  Chloride  of  sodium,  aa 
it  exists  in  fused  nmimunsall.  is  constituted  of  an  atom  of  sodium, 
weighing  -24,  with  uh  atom  of  chlorine  weighing  36,  and  its  equiva- 
lent is  GlK    It  consists,  then,  of 

Sodium 40.3 24 

Chlorine 59.5 3C 

100.      Atomic  weight  60 
Dr.  ^Vollaston  assumes  its  constitution  to  be  either  39.64  sodium 
+  60. SG  chlorine  j  or,  on  the  old  theory  of  muriatic  acid,  he  admits 
its  composition  as  formerly  stated  hy  lierzelius,  who  has  since, 
however,  adopted  the  cipiniuu  of  its  being  a  chloride- 

To  obtain  chlorine  from  this  salt,  we  must  take 
1  atom  chloride  of  sodium  {viz.  24  scKlium  +  HG  c.hlorinej     =  60 
1  atom  peitjxide  manganese  (2H  mang.  -4-  ICt  oxyg<?n)  ^  44 

3  atoms  real  aulph.  acid  (40  X  2  =  HO)  or  2  oil  of  vitriol  }  -- 

(49  X  2  —  98J ^     -  JH 

Of  the  2  atoms  of  sulphuric  acid,  1  atom  acts  upon  the  oxide  of 
manganese,  from  which  it  expels  1  atom  of  oxygen,  H,  leaving  1 
atom  of  protoxide,  r>C),  to  unite  with  the  atom  of  sulphuric  acid. 
Wc  have,  tlieiefore,  4(J  -f  S6  s  76  proiosulphatc  of  manganese. 
The  disengaged  atom  of  oxygen,  with  24  of  s<jdium,  forms  r>3  soda, 
which,  with  the  ollii-r  atom  of  sulphuric  acid,  composes  S2  -{-  40 
^  72  sulphate  of  soda.  Tlir  chlorine  of  the  (M)  part*  common  salt 
^  SO,  or  1  atom,  escapes  in  a  gaseous  slate. 

tfoJiiiM  anil  Iotiin€. 

The  action  of  noiliiim  an<l  ioiltnr  on  each  other  is  so  analogous  (o 
thai  of  ]iiiiassiiim  und  iodine,  that  it  is  unnecessary  to  describe  iL 
Iodide  of  nodiiiiii  is  nbtaimil,  ;iiid  this  compound,  when  made  tu 
act  un  wall!]'.  I'urms  both  iudau:  and  hydriodate  of  sfHla. 

No  conibinaiioii  is  yi-t  known  of  sodium  and  lif/ilros^m. 

On  iizclir  u'li"  sodium  apjiears  lo  have  no  action,  but,  when  heat- 
ed in  ammoniaral  gas,  hydi-ogi-n  is  disengaged,  and  a  nltruret  of 
sodium  is  formed,  which  has  an  olive  green  colonr,  ii  fouhlc  at  a 
low  beat,  and  accnnling  to  tbreX|>ei-imentaor(iay  Lussacand  Thc- 
nard,  is  com]iosed  of  Kxt  ]iarts  of  sodium  and  11.728  nitrogen. 

Pkoxphurtl  mill  Nii/pkuret  of  SoiUimu 

There  is  scarcely  any  difference  between  the  visihle  iilienumcnu 
attending  tlie  action  of  the  base  of  su<la  and  that  of  potassa  uu  sul- 
)>hur,  phosphorus,  and  lUe  metals.  The  sulphurrt  of  sodium  has 
a  d«i|>  gny  colour ;  the  j>lias{iliurei  rcauutbkh  lead. 


Amalgam  of  Sodium  ami  Mereury. 

Added  to  mercury  in  the  proportion  of  jV'*'  sodium  render*  tW  . 
jjicml  a  fixed  holid  of  the  colour  of  silver,  and  tie  cwmbtoatio*  b    . 
Attended  with  a  considerable  dcjjree  of  heat.    This  amal|;am  MCiMi 
like  that  of  potassium,  to  form  triple  eompouiKU  with  other  metahi 
even  with  iron  and  platinum,  wliich  rcnun  united  with  the  tner- 
vrhen  it  is  deprived  of  the  new  meUd  hy  the  aciiou  of  tir. 

Salla  vf  Soda. 

Chhrait  of  mla. — This  salt  may  be  obuined  by  followinc  the 
process  already  described,  with  the  substitution  of  pure  aoda  for 
potasxi) ;  or,  by  adding  chloric  acid  to  carbonate  of  aoda,  till  the 
Cflervesccncc  ceases.  It  is  exceedingly  difficult,  however,  tonbuin 
it  pure  by  the  first  process  because  it  nearly  af^reea  in  solubiJit; 
with  the  common  muriale  of  foda ;  and  the  second  method  Uthcre- 
bre  preferable.  It  is  soluble  in  three  parts  of  cold  watrr,  and  in 
rather  less  of  hot,  and  is  slightly  deliquescent.  It  U  salable  alw 
in  alcohol ;  but  so  also,  according  to  M.  Cherentx,  U  the  chloride 
It  crystallises  in  cubes,  or  in  rhomboid)  approaching  the  cube  in 
form.  In  the  mouth  it  produces  a  sensation  of  cold,  and  a  ia*te 
searcely  to  be  discriminated  froiifthRtoir muriate  of  soda.  Ib  other 
properties  it  agrees  with  the  ilflltT&F  M.Tt  with  base  of  potassa. 

Joilttle  Will  liydriodale  of  «D(in.— Both  these  salts  arc  obuined  by 
agiiaiiiig  ioUini;  with  liquid  hydrate  of  soda.  The  iixlaic  has  ihe 
form  of  small  grains  which  have  a  cubical  shape  ;  contain  no  water 
of  crystallization ;  and,  when  heated,  yield  oxygen  gas,  a  link 
iodine,  and  an  iodide  of  sodium.  They  contain  64.1  iodic  acid,  and 
15.9  soda. 

Hydriodate  of  soda  crystallizes  in  flattened  rhomboidal  prisms, 
which  are  deliquescent,  and  contain  much  water  of  crystalliiaiioo. 
By  a  sufficient  heat  it  is  converted  into  iodide  of  sodium ;  of  this 
iodide,  100  parts  of  water  at  60°  Fahr.  dissolve  173  parts,  and, 
when  strongly  heated,  it  becomes  slightly  alkaline,  and  is  volauUud. 
The  hydriodate  of  soda  is  composed  of  100  parts  hydriodic  acid, 
and  S4.7SS  soda. 

Nitrate  of  soda. — This  salt  may  be  formed  by  saturating  carbon- 
ate of  soda  with  nitric  acid,  or  by  distilling  common  salt  with  three- 
fourths  its  weight  of  nitric  acid.  When  the  former  process  b 
adapted,  the  solution  must  be  evaporated,  till  a  pctlicle  appean  tn 
its  surface,  and  then  allowed  to  cool.  Crystals  will  be  produced, 
the  shape  of  which  is  described  by  Mr.  Brooke,  Ann,  of^PhiL,  N. 
S.,  V.  452. 

These  crystals  have  a  taste  like  that  of  saltpetre,  but  more  in- 
tense. They  arc  soluble  in  three  parts  of  water,  at  60°,  and  in  le» 
than  an  equal  weight  of  boiling  water.  They  attract  moisture  from 
the  atmosphere.  In  other  respects  they  agree  with  the  niirate  of 
-lotasaa.  The  only  use  of  nitrate  of  soda  is,  perhaps,  that  which 
i«8  been  suggested  by  Proust,  who  has  found  it  to  be  moK  ccp- 
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nomicilin  the  mskini^orfirc-wcirhs  than  nitrate  of  potassi.  (Nichol- 
son'ti  Journal,  xv.  3ti:2.  See  also  f>  Ann.  dc  Chim.  et  Phys.  S06.) 
Itconaisl&,  accurding  to  Dalion,  of  57.6  acid  =  42.4  base  i  but  theM 
proportions  do  not  exactly  a(;rec  with  thosi^  which  ought  to  he  its 
ingredients,  if  constituted  uranatomof  baic  -f  1  atom  of  acid,  and 
if  free  from  water,  as  asserted  by  M.  Longchamp. 

Carbonate  of  Soda. 

There  arc  three  distinct  compounds  of  carbonic  acid  and  soda. 

The  first,  called  sometimes  the  ttib-earbonalf,  a  name,  however, 
which  is  k'ss  appropriale  in  thin  case  than  that  of  carbonate^  is  ob- 
tained by  carefully  it -crystallizing  the  soda  of  commerce.  When 
rccjuircd  uf  great  purity,  it  is  best  prepared  either  from  pure  ace- 
tate of  soda,  which  is  decomposed  at  a  red  heat,  and  converted  into 
carbonate  of  soda  and  charcoal,  the  former  of  which  is  separable 
bv  water;  or  it  may  be  obtained  still  more  pure  by  calcinating  the 
bi-carlionate. 

Its  primary  form  was  described  by  Rom^  dc  L'lslc, 
from  an  inaccurate  measure  of  the  angles,  as  an  oela- 
htdron  with  a  rhombic  bate.  The  annexed  figure  repre- 
sents the  common  form  of  the  crystals, 
p  on  M,  or  h'    •     -     -    -    -    -    - 

pone,ore'     .--.... 


M  on  M 
M  on  A 
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By  dissolving  and  re- crystallizing  the  'awe  crystals, 
others  resembling  fig.  2  were  obtained.  These  were 
much  reduced  in  height,  and  some  of  them  were  so  thin 
astolcavciicarcea  vestige  of  the  planes  M  and  A.-  several 
were  hcmitropes,  the  plane  of  imaginary  section  being 
parallel  to  v.  The  primary  form  may  therefore  be  con- 
sidered as  an  obliiiue  rhombic  prism.  (Brooke,  Ann. 
ofPhiL.N.  S.,vi.  287.) 

These  crystals  have  the  following  properties  : 

I.  When  heated  to  150°  Fahrenheit,  they  fuse  \  then 
boil  violently,  if  the  heat  be  raised ;  and  leave  a  di^ 
white  powder.  What  escapes  is  water  onlyj  and  it 
forms,  according  to  Ilerard,  62.G9  per  cent,  of  the  veight  of  ths 
saltj  to  Kirwan,  64;  Daltqn,  63;  and  D'Arcet,  63.6.  The  crystaU, 
also,  lose  their  water  by  exposure  to  the  atmosphere,  or  ^brtut, 
but  they  are  not  in  this  way  deprived  of  all  their  water  olcryital- 
lization. 

3.  If  the  fused  salt  be  kept  boiling  in  a  retort,  Mr.  Dalton  finds 
that  it  deposits  a  hard  smul-grunn)  aalt,  which  contains  only  46 
per  cent,  of  water;  the  dear  liquid  has  the  specific  gnivityof  1.35; 
and,  on  cooling,  concretea  Into  »  fragile  icj  nua.    The  fint  com- 


47G  01-    METHLS. 

pnund  Mr.  Dallon  estimates  to  consist  of  1  atom  of  cat 

10  of  water;  the  second  of  1  atom  of  salt,  and  5  of  water;  a 

third  of  I  atom  of  salt,  atid  15  of  water. 

3.  Water  at  W  takes  up  half  its  weight  of  the  sii)>- carbonic; 
and  boiling  water  dissolves  i-ather  more  than  its  own  weight.  TW 
strongest  solution  that  can  be  preserved  at  the  temperature  of  Ihe 
aimosptiere  has  the  specific  grdvity  l.S6;  but  even  this  Ulubte% 
IMrtia!  crysiallizalion. 

-I.  If  100  Rroinsof  the  Bait  be  slowly  rftfcd  to  sfiuatitity  ofdUai. 

ft&  sulphuric  acid  more  than  sufficient  for  ncutralizailoti,  aail  rf 

known  wciRht,  the  loss  of  weight  will  show  the  quantity  of  cariMtie 

Kcul  contained  in  100  grains.  I'rom  experiments  of  this  kiDd,JGn» 

g  «d  vdth  others  on  its  loss  by  fusion,  Itcrard  deduces  tls  compomka 

I  to  be 

Add  -  -  13.98  -  100  -  60 
Base  -  -  23.S3  -  166  -  100 
Water  -    ■     6-i69 

P  loa 

Independently  of  the  water  of  crystalliuiljon.  Its  conipositioa  bi 

Carbonic  acid    -     41.33     or  1  atom     =  £2  ^JH 

Soda    -     ■     -     -     58.77     or  1  atom     =  $i  ^H 

lUtt-  -  Alpmic  wcighl  54  ^^ 

And  the  crystals  consist  of 

Cnrlxjiiate  ofsoda  -     37.3     or  1  atom     ■     5i 
Water       ....     62.5     or  10  atoms      90 

100.  Atomic  weight  144 
As  100  grains  of  the  aiihydi-ouK  rarbonati^  neutralize  4C0  of  sul- 
phuric acid  of  density  l.l-ll,  it  is  easy  to  learn  the  ijuantity  of  dry 

,carl)onatc  in  any  specimen  of  soda    '' '  '  ■"  ■"  *■■ 

free  from  other  alkalies,  by  ascertain 
ric  acid  of  that  density  which  is  neu 
sample;  for,  as  460  to  the  acid  neutri 
reijuired. 

JH-Curhonatt  of  So<.ia. 

When  a  weak  solution  o{  the  curboiiatu  oT  soda  is  saturated,  by 
passing  throuf;b  it  a  stivani  of  carlionic  acid  gas,  or  when  in  a  so- 
lution of  100  parts  ol'  the  salt  we  dissolve  14  parts  of  carl>ou>le  of 
unmonia,  we  obtain,  by  ivaporaliun  at  a  gentle  heat,  an  indistinct- 

S*  -ciystallized  salt,  which  is  the  /li-mrboiuiir  ojnoilxi.  The  taste  of 
is  salt  is  much  milder  than  that  of  the  carlninate ;  ami  It  requires 
between  nine  and  ten  times  its  wciijht  of  water  at  GO''  F.  for  solu- 
tion. This  solution  cannot  be  much  heated  without  driving  tX 
part  of  the  carbouic  acid,  and  the  sam«  effect  is  produced  by  expoc- 
ing  the  solution,  or  the  moistened  ■alt,  in  a  vacuum.  It  aneds 
colour  tests  in  the  Mtoe  maonci'  u  the  8ub<arbonate.     Oaek*- 
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dred  grains^  by  exposure  to  a  low  red  heat,  lose  37.4,  and  G2.G 
grains  of  anhydrous  carbonate  remain.     Its  constitution  is 

Carbonic  acid    -     57.9     or  2  atoms  44 
Soda    -     -    -     -    42. 1     or  1  atom   32 

1(K).  76 

There  is  a  disagreement  in  the  various  statements  of  its  propor- 
tion of  water.  Acrording  to  Dcrard,  100  grains  contain  20.2, 
which  would  indicati:  very  nearly  2  atoms  of  water.  Dr.  Thom- 
son, from  his  own  analysis,  gives  the  following,  which  appears  to 
me  the  more  probable  constitution  : 

Bi-carbonate      -     89.4     or  1  atom  76 
Water      -     -     -     10.(5     or  1  atom     9 


100.  85 

ScHqtd-carbonatc. — A  native  carbonate  of  soda,  found  near  Fes- 
zan,  in  Africa,  and  there  called  irona^  has  been  analyzed  by  Mr. 
R.  IMiLlli])s.  He  ascertained  it  to  be  a  compound  intermediate 
iM'twecn  the  carbonate  and  bi-carbonate,  or  to  be  constituted  of  3 
atoms  of  acid  +  2  of  soda,  or  of  \k  atoms  of  acid  «=  33,  +  ^  of 
soda  =  32,  together  (>5.  Hence  he  has  given  it  the  name  of  fev^tn- 
carftofwfe  of  soda,     (Quart.  Journ.  vii.  298.) 

The  salt  sold  as  bi-carbonate  he  finds  to  be  a  compound  of  an 
atom  of  carbonate  and  an  atom  of  bi-carbonate,  or  to  consist  of 

('arbonic  acid  39.76  or  3  atoms  =  66 
Soda  -  -  -  38.55  or  2  atoms  sss  64 
Water    -    -    -     21.69  or  4  atoms  =  36 


100.       Weight  of  >     j^^^^ 
its  atom.  ^ 

Tht*  so  called  bi-carbonate  of  the  shops  is,  therefore,  a  sesqui- 
carbonate,  eoiiil)ined  with  water. 

Comjiound  Carbonate  and  Chloride  of  Soda, — JXnnfecling  Liquid  of 

Ijabarraque. 

Mithcr  of  these  names  may  be  given  provisionally  to  the  disirkfeci- 
i/iiC  soda  liquid^  invented  by  Labarracjuc,  the  process  for  which  is 
thus  described  by  Mr.  Faraday.  (Quart.  Journ.,  N.  S.,  No.  3.) 

Dissolvt^  28(NJ  grains  of  crystallized  carbonate  of  soda  in  1.28 
))ints  of  water,  and  place  the  solution  in  a  Woulfe's  apparatus. 
Pass  through  it  two-thirds  of  the  chlorine,  evolved  from  a  mixture 
of  Otir  grains  of  common  salt,  with  750  grains  of  oxide  of  manga- 
nese, acted  upon  by  967  grains  of  sulphuric  acid,  previously  diluted 
with  750  grains  of  water.  The  remaining  one-third  of  the  chlorine 
is  partly  atisorbcd  by  the  water  of  the  balloon  through  which  the 
gas  is  passed,  and  partly  remains  in  the  open  space  of  that  vessel 
and  of  the  retort.  The  distillation  must  (te  carried  on  at  the  gen- 
tlest possible  heat.     The  chlorine  is  rc^iy  absorbed  by  the  aika- 


line  carbonate,  and,  what  is  remarkablr,  without  the  escape,  wl 
the  stiuve  pro|}oi'tioDs  arc  ti&eil.  of  n  particle  of  cxrboBtc  k 
from  the  beginning  to  ilie  end  of  the  process. 

The  produci  is  a  liiiuid  of  a  pale  yellow  colour,  with  bat  Bl 
odour  of  chlorine.  Its  laste  is  at  firat  xhnrp  and  natinr,  KWcelf 
Kt  all  alkaline,  but  with  a  persistent  satrinf^nt  biting  cflTcct  <m  ttir 
lon^c.  It  first  rnddens  turmeric  pa{)fr,  and  tht^n  blcitcbe*  'A 
When  boiled  out  ofconlactwith  air,  Uglifcs  out  no  chlorine,  vkkl^ 
thoug;h  ready  to  bleach  and  to  disinfect,  cannot  thcrt-rorc  be  in  the 
state  of  ordinary  solution,  for  then  it  is  easily  expelled  by  bcM. 
The  liquid  may  even  be  evaporated  to  the  state  of  muUt  crymak, 
which  still  retain  the  taste,  smell,  Sec  of  the  original  aolution,  with 
almost  equal  strength.  By  this  treatment,  a  similar  iwlution,  with 
the  full  proportion  of  chlorine,  would  be  coni,Trtcd  almost  cntirtJy 
Into  chlorate  of  soda  and  chloride  of  sodium.  By  ciraporstiua,  hew- 
ever,  in  an  open  basin,  the  chlorine  is  almost  as  perfectly  separtlnd 
from  the  soda  liquid  as  by  an  acid.  By  simply  keeping  (he  liquul 
43  days  in  a  stoppered  bottle,  in  an  obscure  place,  there  <ra*  aUo  4 
a  gradual  re-action  of  the  chlorine,  and  a  formation  of  the  tnui  • 
products.  I 

Carbonic  acid  does  not  appear  to  have  the  power  aS  ditploiclng     . 
chlorbie  from  this  liquid,  except  in  very  small  quantity,  even  whea 
a  quantity  equivalent  to  13U0  times  the  volume  of  the  Bqaid  is 
made  to  pass  through  it. 

The  conslitutiun  of  ibis  liquid  cannot,  ilifn,  Ko  C(iii?i<!cTTd  M 
clearly  understood.  But  it  is  well  ascertained  that  the  chlorine  ex- 
ists in  a  state  of  combination  strong  enough  to  occasion  its  being 
retained  in  considerable  quantity,  but  not  strong  enough  to  prevent 
its  disengagement  with  sufficient  facility  to  serve  the  purpose  of  a 
valuable  disinfectant.  Bcrzelius  has  given  an  explanation  of  the 
decolouring  compounds  of  chlorine,  which  rests  on  the  supposition 
that  they  contain  an  acid  of  inferior  oxidation  to  the  chloric,  which 
he  calls  the  chlorous.  But,  till  the  existence  of  such  an  acid  has 
been  proved,  we  are  not  entitled  to  assume  it  to  explain  chemical 
phenomena.     (See  Ann.  de  Ch.  et  de  Ph.  xxxviiL  216.) 

For  information  and  directions  respecting  the  medicinal  use  of 
the  chlorides,  I  refer  the  reader  to  a  separate  work  on  the  subject 
by  Mr.  Alcock,  of  London. 

Borate  of  Soda. 

This  salt  is  imported  in  a  crude  state  from  India  under  the  name 
of  linetJ,  which,  when  purified,  becomes  the  rrjmed  borax  of  the 
shops.  It  crystallizes  in  prisms  with  six  irregular  sides ;  eflloresces 
in  the  air  ;  fuses  when  ignited  ;  then  loses  its  water  of  crystalUu- 
tion,  and  is  changed  into  a  white  powder,  which,  on  increasing 
the  heat,  leaves  a  transparent  mass,  called  gloM  of  borax,  a  sol^ 
stance  of  great  use  in  experiments  with  the  blow-pipe.  The  crys- 
tallized salt  dissolves  in  20  parts  of  water  at  60°,  and  in  6  parts*' 
boiling  water.  It  chants  the  colour  of  syrup  of  violets  to  gnat, 
and  was  therefore  consi^prcd  as  a  sub-salt.     The  following  is  its 
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composition  according  to  Omelin  (Ann.  of  Phil,  ix.),  and  to  Dr. 
Thomson  (First  Princ.  i.  167): 

Arid.  Ba«c.  Watir. 

According  to  Gmclin     -    -    -    35.00    -     17.80    -     4G.6  =  100 

Thomson      -    -     31.58    -     20.42     -     48.0  =  100 
Beizelius      -     -     30.59     -     16.31     -    47.1  =  100 

Having  determined  the  atomic  weight  of  boracic  acid,  from  the 
combinations  of  iluoboric  acid,  to  be  24,  Dr.  Thomson  deduces  the 
constitution  of  borate  of  soda  (or  bi-borcUe^  as  it  should,  under  this 
view,  be  termed,)  to  be, 

2  atoms  of  boracic  acid      -    -     &a  48 

1  atom  of  soda =32 

8  atoms  of  water       -    -     -    -     =  72 
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A  new  variety  of  borax  was  obtained,  at  first  accidentally,  by  M. 
Payen,  who,  by  carefully  observing  the  circumstances  under  which 
it  was  formed,  is  now  able  to  produce  it  at  pleasure.  It  contains 
the  same  rt'Ialive  ])n)])ortions  of  acid  and  base  as  common  boraXy 
but  only  5  atoms  of  water,  or  half  the  quantity  which  M.  Paycii 
finds  in  eommon  borax.  The  new  borax  is  in  regular  octahedrons ; 
has  the  sp.  gr.  1.815,  instead  of  1.74;  is  not  rendered  brittle  by  the 
su<1dcn  application  of  30^  or  40^  of  heat;  and  is  harder  than  the 
ordinary  kind.  In  soldering,  it  will  probal>ly  supersede  the  old 
sort,  because  it  swells  less  and  flows  more  readily.  It  is  produced 
by  dissolving,  in  boiling  water,  as  much  common  borax  as  will 
give  a  solution  of  sp.  gr.  1.246.  If  this  be  left  to  cool  gradually, 
small  octahedral  crystals  begin  to  form  at  174"^  Fahr. ;  and  these 
increase  in  size  and  number  until  the  temperature  is  133*',  when 
the  li(iuid  must  be  poured  off.  (Quart.  Jour.  N.  S.  iii.  483.) 

Phosphite  mid  PhoHphate  of  Soda. 

Phosphite  of  soda  has  not  been  examined.  Ifi/po-phosphite  of  soda 
is  very  soluble  in  water  and  alcohol.  Little  else  is  known  respect- 
ing it.  (See  Ann.  de  Ch.  et  de  Phys.  ii.  142.) 

Phoftjihate  of  soda  may  be  obtained  by  saturating  with  carbonate 
of  soda  the  phosphoric  acid  obtained  from  bones  (see  p.  323),  and 
evaporating  the  filtered  liquor  till  a  pellicle  appears.  On  cooling, 
crystals  are  formed,  the  primary  form  of  which  is  an  oblique  rhom- 
bic prism,  with  indistinct  cleavages  parallel  to  the 
planes  m  and  >r.  The  crystals  are  frcc^uently  de- 
posited singlv,  and  arc  very  symmetrically  formed. 

pon  M,  or  m' lOO**  44' 

ponc 129 


1'  on  ^ -    -  112 

r  on  A 121 

M  on  m' C7 

MonA 123 

Mon^ 146 


12 
27 
14 
30 
45 
15 
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'  The  cryslats  arc  soluble  inrourpartiiof  waler  at  60*  FrIu-^  nrh 
twice  its  weight  of  water  at  212°.  The  Halt  codIubs  alwuvk  in  a- 
ctss  of  bise,  and  effloresces  rapidly  whtn  expuwrd  lo  the  ■tm^ 
sphere.  It  does  not,  however,  lose  the  whole  of  i«  w*tw ;  fur.kfta- 
three  months*  esposum,  Gay  Lussac  found  that  7-4  pro|iorliou  n- 
mained  out  of  12,  and,  being  again  exptiaed  during  thirteen  d»p 
of  hot  and  dry  weather,  6.5  proportions  were  still  discovered.  (Ai- 
de Ch.  cl  de  ?h.  juutiv.  334.)  Dy  a.  strong  heat  it  loses  W  per  cot, 
or  rather  more,  of  water,  and  the  residuum  is  fuaiblc  inlo  ■■ 
enamel.  The  dry  salt  is  constituted  (Berzclius,  Aon.  de  Chiob  H 
de  Pliys.  il  104,)  of 


I 


Phosphoric  acid  •    -    -    53.43    -    - 
Soda 46.54    -     - 

These  proportions  are  nearly  reversed   by  Dr.  ThomMB 
Frinc  i.  201),  who  states  the  anhydrous  salt  to  consist  of 
Phosphoric  acid,    1  atom  ^  S8     or    46.67 
Soda  -     .    -    -     1  atotn  -•  34    or     53.33 

Atomic  weight        60  lOa 

And  the  crystals  (i"  which  Gay  Lussac  agrees)  gcncralljr 
Phosphoric  acid,  1  atom   —    38     -     16.39 

Soda  ...     -     1  atom    =    32    -     18.73 
Water     -     -     -  12  atoms  =  108     -     64.f!8 

Atomic  weight  168  lOtt 
Mr.  Ddton  considers  the  salt  above  described  as  a  bi-phaapAate, 
constituted  of  2  atoms  of  acid  and  1  of  base.  To  render  it  neutral 
to  colour-tests,  he  finds  that  the  acid  must  be  doubled,  or  that  the 
neutral  phosphate  is,  in  fact,  a  quadri-phosphate.  The  simple  phos- 
phate, consisting  of  1  atom  of  acid  and  1  of  base,  tnaj  be  formed 
by  adding  as  much  more  caustic  soda  to  the  bi-phosphate  as  it  al- 
ready contains.  The  new  salt  is  much  more  soluble  than  the  bi- 
phosphate,  and  crystallizes  in  very  fine  needles.  This  salt  Mr. 
Dalton  recommends  as  the  proper  re-agent  in  chemical  analysiv 
(Manch.  Memoirs,  N.  S.,  iii.  11.) 

A  very  different  atomic  constitution  of  this  salt,  so  far  as  respects 
its  water,  has  been  assigned  by  Mr.  Clark,  of  Glasgow,  (Brewster's 
Joum.,  No.  14,)  who  states  the  proportions  of  water  to  be  25  to  1 
proportion  of  the  salt.  A  concentrated  solution,  he  adds,  exposed 
to  a  temperature  of  90°  lahr.  in  a  stove,  yields  crystals  containii^ 
only  15  proportions  of  water. 

Pyro-pkosphalt  of  Soda. 

This  name  has  been  i^iven,  hy  Mr.  Clark,  of  (Glasgow,  to  pboc 
phatc  of  soda  which  has  been  .subjected  to  a  red  heat.  By  this  tral- 
ment,  not  only  its  water  is  expelled,  hut  the  salt  appears  lo  ludctso 
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some  change  of  constitution;  for  its  solution  gives  with  nitrate  of 
silver,  not  a  yellow  precipitate  tike  that  of  the  common  phosphate, 
but  a  white  one;  and,  ^hen  w^holly  decomposed  by  the  salt  of  silver, 
the  remaining  solution  is  neutral,  not  acid,  as  when  the  common 
phosphate  has  been  decomposed.  Yet  no  gasrous  or  other  product 
can  be  collected  except  water.  The  crystallized  phosphate  was 
found  to  contain,  to  each  proportion,  25  proportions  of  water,  of 
which  24  were  separated  by  a  sand-heat,  and  1  by  a  red  heat.  The 
salt  had  then  arcpiired  the  new  properties  which  have  been  just  de- 
scribed ;  and,  from  its  solution  in  water,  crystals  were  obtained, 
obviously  different  in  fonu  from  those  of  common  phosphate  of 
soda,  and  containing  only  10  proportions  of  water. 

These  facts,  if  correctly  observed,  can  only  be  explained  by  sup- 
posing a  new  arrangement  of  the  elements  of  the  phosphate,  occa- 
sioned by  the  hii^li  temperature  to  which  it  has  l>een  exposed.  (See 
Brewster's  Kdinb.  Jour.  No.  xiv.  p.  299.) 

Sufphurrt  nf   Soditinu — Fh/dro-Htthhurrt,  Ilydrogttrcted  Sulphurctj 

I/i/fw-sidphife^  imii  Sulphite  of  Soda, 

Stdphuret  of  sodium  has  been  formed,  and  its  composition  esta- 
blished, by  Berthier,  by  cementing  sulphate  of  soda  with  charcoal. 
It  is  constituted  of 

1  atom  of  sulphur 16 

1  atom  of  sodium 24 

40 

Its  properties  are,  for  the  most  part,  analogous  to  those  of  sulphu- 
ret  of  potassium,  when  acted  upon  by  water  and  acids. 

Jiydrosrurcted  nulphurct  of  soifu  derives  its  rhieriin))ortance  from 
being  produced,  along  with  the  carlionate,  in  several  processes,  by 
which  soda  is  obtained  from  the  sulphat(\  (Ann.  de  C.'him.  Ixiv. 
.^9.)  When  first  formed,  it  is  transparent,  r(»lourless,  ami  crystal- 
lizes in  four-sided  prisms  acuminated  by  four  planrs.  It  has  an 
acrid  and  alkaline  taste,  which  souii  changes  to  a  strong  bitter. 
Its  solution  is  colourless,  but  tin};es  the  skin  and  paper  green.  With 
acids  it  efiervesces  briskly,  sul{)liurete(l  hydrogen  escapes,  and  no 
sulphur  is  deposited,  unless  chlorine  or  nitric  acid  be  added,  which 
attract  the  hydrogen,  and  throw  down  sulphur. 

Dr.  Thomson  has  examined  it,  and  finds  it  to  consist  of 

1  atom  of  bi-sulj)hureted  hydrogen     -     -     -     3;> 

1  atom  of  soda «'>2 

()  atoms  of  waltT 54 
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When  sulphurous  arid  is  passed  through  the  solution  of  lliis  sail, 
as  long  as  ihe  acid  continues  to  lose  its  smell,  c>nf-half  of  the  sul- 
phur contakued  in  the  salt  is  precipitated,  and  in  the  litiuid  nothing 
is  hrfi  but  hvpo-sulphite  of  soda,  which  admits  of  being  ciystallized. 
(iMiil.    rraii's.  l»2ti.) 

Vol..  I.  .1  r 
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To  dUtinguUh  ihls  hy.lro-sulphurel  from  that  of  potawa,  which 
il  closely  rc»emblc8,  Vau.iucUn  propows  lo  »cld  u  »oliiUon  of  bI- 
mine  in  suiphuric  ncid.  This  occBsiors  a  crysialliMUon  of  aium 
■wiUi  the  Uiier.  but  not  with  tht  bydro-sulphurci  of  noda. 

SvittlUtt  of  loda  forma  white  and  iransparcni  crystal*,  which  »n 
four-sided  prisms,  with  two  broad  wiies  sind  two  narrow  <jw:«,  Itt- 
luiimlcd  by  dihedral  summits.  It  has  a  cool  sulphurou*  WMe,  i» 
soluble  in  four  partti  of  cold,  or  in  less  than  na  weight  of  boilw; 
walur.  By  exposure  to  the  air,  it  cHloreat<?»,  and  u  chungi^  «— 
a  sulphate.    U  is  toil •liiu led,  according  lo  Dr.  rh.»tn»oii,  of  «^H 

Acid 24.5     or  3'2  =  1  aiora  ^^B 

Soda £4.5     or  39  =  1  atom  ^M 

Water      .    -    -    -    51.      or  63! « "  alomB^        -^^ 

loa 

l!tn)o-Mih>hite  of  KOila  may  Ijc  prepared  In  Uic  »amc  wwtf  as  tlw 
analogijus  salt  of  potasna.  When  the  soluiion  is  evaponlrt  tax 
syrupy  consislcnec,  it  crysralliatB  in  sillyr  mfu,  radiating  f rora  » 
centre,  and  rt-ndering  the  Itiiuid  solid.  It  w  delKjuescenl,  and  lu 
taMC  >«  intensely  bitter  and  nauseous.  When  heated,  it  first  litK% 
Mm  dries  into  a  wliite  inasa,  and  at  lenjjth  taken  fire  and  burn*  wi* 
a  btlftht  yellow  fiamc.  It  i*  insoluble  in  alcohol  tt  bu  tlte  prw 
pcrty  of  rapidly  dissolving  the  chloride  of  silver,  when  newly  p»«- 
ci  pit  Bled. 

Svipliale  of  Soda.—GlavbeT'a  Sail. 

(a)  This  salt  forms  regular  crystals,  in  which,  howc?er,  do  dis- 
tinct  cleavage  can  be  found.  Its  piimary  form  is  an  oblique  rhombic 
prism. 


M  on  A 130     12 

M  on  / 162     38 

Mon* 139    48 

(6)  It  has  a  more  bitter  taste  than  the  preceding  sulphate,  and 
dissolves  more  easily  in  the  mouth. 

(c)  It  melts  and  swells  upon  a  heated  iron,  in  consequence  of  the 
loss  of  its  water  of  crystallization,  and  a  white  powder  is  left, 
aroounling  lo  43.2  parts  from  10(J  of  the  original  salt,  according  to 
Bucholz. 

(d)  liy  exposure  to  ihc  atmosphere,  it  effloresces,  and  loses  ncigfati 
and  with  su  much  <iuickncst<,  that  it  is  difficult  lo  ascertain  pre- 
cisely Lis  water  of  crystallization.  Berzclius  states  it  at  56  per 
cent.,  which  agrees  wilh  ray  experience.  Gay  Lussac  finds  thai  it 
is  ihua  entirely  deprived  by  efflorescence  of  its  water  of  cryat**' 
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(e)  It  is  very  soluble  in  water,  three  parts  of  which,  at  CO®  of 
temperature,  dissolve  one  of  the  salt ;  and  boiling  water  dissolves 
its  own  weight 

(/)  Its  composition  is  inferred  from  the  quantity  of  sulphate  of 
baryta,  obtained  by  decomposing  the  solution  of  a  known  weight 
of  this  salt  by  any  barytic  salt ;  for  100  grains  of  anhydrous  sul- 
phate of  baryta  contain  33.9  sulphuric  acid.  In  this  way  it  has  been 
proved  to  consist  of 

Sulphuric  acid       -     53,55     -    or  1  atom  gs  40 
Soda 44.45     -     or  1  atom  =  32 

100.    Weight  of  its  atom  72 

And  the  crystals  are  composed  of 

Sulphuric  acid     -     -     24.70     -  -  -  -     or  1  atom  b  40 

Soda 19.75     -  -  -  -     or  1  atom  s  32 

Water 55.55    -  -  -  -or  10  atoms  =  90 


100.  Weight  of  its  atom  162 

An  anhydrous  variety  of  this  salt  has  been  descri1x!d  by  Dr. 
Thomson.  (Ann.  of  Phil.  2d  Ser.  xii.  401.)  Its  formation  depends 
merely  on  the  difference  of  temperature  at  which  evaporation  is 
carried  on.  It  takes  place,  also,  when  hydrated  crystals  of  Glau- 
ber's salt  arc  carefully  melted ;  a  portion  dissolves,  and  a  portion 
separates,  the  latter  in  an  anhydrous  state.  (Quart.  Joum«  2d  Ser. 
iii.  223;  see  also  Ann.  de  Ch.  et  de  Ph.  xxjcvii.  204.) 

Bi'Suiphaie  of  aoila  may  be  formed  by  adding  sulphuric  acid  to  a 
hot  solution  of  sulphate  of  soda.  Large  rhomboidal  crystals  are 
formed,  which  are  soluble  in  twice  their  weight  of  water  at  60® ; 
effloresce  by  exposure  to  the  air ;  and  when  heated  lose  their  excess 
of  acid. 

Seiemates  of  soda. — Selenic  unites  with  soda,  and  constitutes  a 
distinct  salt  (See  Mitscherlich,  Ann.  de  Ch.  et  Ph.  May,  1828.) 

Hydro-cyanaie  of  aodoj  like  all  the  other  salts  of  this  class,  is  alka- 
line, and  is  decomposed  by  mere  exposure  to  the  atmosphere. 

FtrrO'Cyanate  of  swla  is  of  a  yellow  colour,  and  forms  four-sided 
prisms,  terminated  by  dihedral  summits,  which  effloresce  in  the 
air,  and  lose  37i  per  cent  of  their  weight.  At  55°  Fahr.  they  dis- 
solve in  4 1  times  their  weight  of  water,  but  require  much  less  boil- 
ing water,  from  which  they  separate  on  cooling.  They  are  soluble 
in  alcohoL 


SKCTION  III. 

Lithium, 

In  the  analysis  of  a  mineral  called  PdaHie  (first  distinguished  as 
a  new  species  by  M.  D'Andrada,  who  found  it  in  the  mine  of  Uto, 
in  Sweden),  about  3  per  cent  of  an  alkali  was  obtained,  wliich  M. 
Arfwedson  at  first  supposed  to  be  soda.    On  more  accurate  ex- 


Btninalion,  however,  the  new  substance  di«playecl  proptrrtirs  eadn- 
ly  dixtinct  from  those  of  either  soda  or  polaua,  CBpeciBllf  in  pos- 
aewinif  the  power  of  neutralizing  n  much  uieatiT  (innntily  or  tht 
fti&iereal  acids  than  cilhirr of  tho«ealkdieE:  In  which  rc*(>cct  itcTen 
«DrpMiKd  mn^u'xta.  To  diatUii^ish  it  from  the  two  olhor&ud 
lilkalic*,both  oT  vegetable  origin,  it  received  thv  name  of  lilhian  ({ram 
Mnatt  lapidau) ;  and  this  term,  to  auit  the  analofCT  '^^  ^^  otter 
alkalies,  was  aftorwnrils  converted  Iniu  lilhia  or  lithina. 

The  proportion  of  lithla  iii  petaliie  has  since  been  fuuni)  to  be  1 
p«r  cent. ;  and,  from  some  very  pure  pieces  of  ihat  mineral.  Vn- 
quelin  has  extracted  even  T  per  cent.  M.  Arfwediou  has  discotw 
cd  it,  lo  the  amount  of  il  per  ceuL,  in  trip/tone  or  spruiutntnt.  •  aii- 
nrral  which  is  not  so  ucaree  aa  petalitc ;  and  to  ibe  extent  of  -I  pcv 
cent^  in  crytlalhztd  ttpiiiotilf.  Dr.  Tumor  has  found  it  in  oertatn 
varieties  oimica,  which  he  therefore  calls /((Aiort-niieaj,  and  Bcrxe- 
lius  in  some  mineral  waiers.  The  simplest  process  fur  obtaiau^ 
it  consists  in  fusinK  the  mineral,  finely  pulverized,  wltli  ilirMtimr^ 
its  wclifht  of  carbonate  of  potassa;  dissolving  the  fuartl  mMs  ta 
muriatic  ncld i  evaporating  lo  dryncssisiid  digesting  in  akohol. 
wUtch  takes  up  scarcely  any  thing  but  a  compound  of  uie  new  earth 
irttb  Biuriatic  acid.  Hy  evaporating  a  second  litae  to  drrvcsiw  aad 
asm  dissolving  in  alcohol,  Uie  muriutc  of  litbta  is  obtuncd  pan- 
Tliis  muriate  may  be  decumposod  by  digestion  with  carbonate  of 
silvcrjand  the  soluuon  of  the  carbonate,  being  decompowdbjrfiiBe 
or  by  bnryta,  yields  a  solution  of  pure  lithia,  which  may  be  evapo- 
rated ici  ilijiicss  out  ofcoiilact  wilb  llii^  air.  from  which  it  rapidly 
imbitii.'s  carbonic  acid.  Bcrzclius  fiiids  that  the  most  eennomica) 
way  of  preparing  liihia  is  to  mix  |)owdt;red  spodumenc  with  twice 
its  weight  of  pulverized  fluur  spar,  and  uith  sulphuric  acid  ;  then 
to  heat  the  mixture  until  the  fluoric  acid  with  the  silica  is  Tolauliz- 
cd,  and  afterwards  to  separate  the  sulphate  of  lithia  by  solntiotu 

M.  Arfwedson  decomposed  peiallte  by  the  following  method, 
lie  strongly  calcined,  for  un  hour  and  a  half,  thi;  finely  powdered 
mineral  with  four  times  its  weight  of  pure  carbonate  of  baryta; 
digested  the  product  with  an  excess  of  muriatic  acid,  which,  leav- 
ing the  silica  undissolved,  took  up  the  baryta,  alumina,  kc  *,  pre- 
cipitated the  baryta  by  sulphuric  acid,  and  the  alumina  by  carboB- 
ate  of  ammonia ;  and  then,  evaporating  to  dryness  the  rcsiduarj 
licjuor,  and  raising  the  licat  so  as  to  expel  the  ammoniacal  salts,  * 
saline  i-esiduc  was  left,  which  was  dissolved  by  water,  with  the 
cx<ei)iion  of  a  small  <|uantity  of  sulphate  of  lime.  It  was  a  neutral 
sail,  consisting  of  the  new  substance  in  combination  with  sulphuric 
-acid.  The  sulphate  was  decomposed  by  acetate  of  baryta,  and  ihr 
acetate  of  litliia,  thus  obtained,  was  converti'd  by  calcination  into 
carbonate  of  lithia.  (Ann.  dc  Chim.  et  de  I'hys.  x,  8G.)  For  car- 
bonate of  baryta,  Vauquelin  and  (Imelin  (Ann.  of  Philos.  xv.  541) 
advantageously  substituted  thi-  nitrate. 

Pure  lithia  is  very  soluble  in  water,  and.  like  the  Oilier  alkalkv 
has  an  acrid,  caustii  taste.  I.iki-  them,  also,  it  changes  vegetable 
bine  colours  to  green.  When  heated  in  contari  with  plalinuB,it 
fuses,  and  then  acis  oil  the  itieial.      That  it  agrees  with  theo*rr 


alkalies  in  containing  a  metallic  base,  has  been  proved  by  Sir  H. 
Davy,  who  applied  the  power  of  a  galvanic  battery  to  a  portion  of 
the  carbonate,  fused  in  a  platinum  capsule.  On  rciiderinf;  the  pla- 
tinum positive,  and  bringing;  a  negative  wire  to  the  surface  of  the 
fused  carbonate,  the  alkali  was  decomposed  with  bright  scintilla- 
tions: but  the  reduced  metal  burned  again  so  rapidiyt  that  it  was 
only  observed  to  be  of  a  white  colour,  and  very  similar  to  sodium. 
Gmclin  was  nut  more  successful  in  attempting  to  obtain  the  base 
of  lithia  separate ;  fur  as  fast  as  it  was  formed  it  was  again  convert- 
ed into  an  oxide.  P'rom  analogy,  this  base  has  received  the  name 
of  Hthium.  The  proportion,  in  which  this  metal  unites  with  oxy> 
gen,  has,  uf  course,  not  been  determined  by  direct  experiment ;  but 
it  has  1>een  deduced  by  Vautjuelin,  from  an  analysis  of  the  sulphate 
of  lithia,  and  the  appliration  of  the  law,  that  the  proportion  1>e- 
(wet.-n  the  uxygcn  of  sulphuric  acid  and  that  of  the  bases  which  it 
saturates  is  as  3  to  1,  to  be  as  fullows: 

Lithium      -     -     5(i.50     -     -     100     -     -     130 
Oxygen       ■     -    4S.5II     -     ■       77     -     -     100 

loa 

Arfwedsun's  estimate  si^ai-cely  dilTers  from  this  ;  but  (Imclin  de- 
duces the  ciimpusitiim  of  lithia  to  be  .IK.n^  metal  +  41.05  oxygen. 
On  the  wbulit,  we  may  consider  the  atomic  weight  uf  lithium  to  be 
represented  by  10,  and  that  o(  lithia  by  10  -|-  K  »  18. 

Cbhridt  of  lilhUna  may  be  obtained  by  evaporating  the  muriate 
of  lithia  tn  dryness,  and  fusing  the  residue,  it  is  white  and  semi- 
transparent,  extreini'ly  delitiuescent,  soluble  in  alcohol,  is  decom- 
posed when  strongly  heated  in  the  open  air,  when  it  parts  with 
chlorine,  absorbs  oxygen,  and  becomes  highly  alkaline.  It  is  very 
diflicuitly  crystallizable,  and  tinges  the  flame  of  alcohol  red.  In  alt 
these  respects,  it  presents  striking  differences  from  poiassa  and 

"W'Mh  mifihiir,  lithiaafTordsaTery  soluble  yellow  compound,  which 
is  decomposed  by  acids,  with  the  same  phenomena  as  the  alkaline 
sulpburets ;  and,  from  the  abundance  of  the  precipitate,  appears  to 
contain  a  large  proportion  of  sulphur. 

Stdphatr  of  lilftia  crystallizes  in  small  prisms  of  a  shining  white 
roliiur.     It  IS  more  fusible  and  soluble  tban  sulphate  of  potassa. 
and  has  a  saline,  not  a  bitter,  taste.    It  is  constituted  of 
Sulphuric  acid     -     -     -     59.7     or  I   atom  ^  40 

l.ithia 2li.il     or  1  atom  —  18 

Water I.'..-4     <ir  I  ytoiu  =    9 

ItNi.    Atnmir  w'n;;h[  (;: 
Hi-*iil/ihiili  I'f  lithia  is  prodtiredbv  adding iin  t\ri>.s  crMiJiiliurii 
arid  in  the  iifuii,ul  sulphalt-.    It  is  mniv  fusible  w>\  Irss  -.olnMt  i:i 
water  than  th>-  Hiilphale. 

Xilralf  of  lithia  in  \i-vy  soluble,  and  hy  evaporation  rrystnlliKes 
snmetimes  in  regular  rhomlMiids.  sometimes  in  needles.  Il  is  ex- 
tremely fusiblej  and  at  tlu-  instant  when  it  has  rooled,  it  atlrmts 
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moisture  fi-om  the  nir,  nntl  bcromrs  fluid.  Tlic  namate  \\  not  cr*^ 
tallisable,  bul  a  crust  appears  on  thi:  xiirfac.c  of  its  solution  dnrii^ 
evaporation. 

Carbtmate  cf  lilhia  i&  efflorescent  lu  the  air,  aiid  i»  sparin^f  •«- 
luble,  requiring  about  100  times  its  weight  of  cold  iratt-r.  Ii  cov- 
^Ists  of  54.46  acid  -f  45.S4.  The  waicry  unlution  cffervcM:**  •tH 
ftcids ;  chants  vegetable  blut^  colours  to  green  ;  (iKcnmposes  sob- 
tioris  of  alumine  and  magn<;aia,  and  of  ibc  metals  ;  is  rendered  c*m^ 
tic  by  lime ;  disengages  ammania  from  its  combinations ;  and  iom  ^ 
not  precipitate  the  chloride  of  platinum.  The  Atj  cmrboaste,  when  [ 
fxintd  on  plalinum,  acts  as  powerfully  on  that  metal  &8  tbe  ■ifc»tl— 
nitrales.     - 

PboaphaU  of  lUhia  is  formed  by  adding  phosphate  of  nnnon  . 
with  excess  of  base  to  sulphate  of  lithia,  when  an  inaolnbJe  plwi    I 

Shate  of  lilhia  falls  down.    By  this  property  it  may  be  aeptm*4  I 
■om  potassa  and  soda,    'fherc  exists  also  a  In-jthotfAati  tflUdt.     \ 
Lithia,  then,  is  sufficiently  disliuguishablc  both  from  potnwmd   ] 
soda,  by  the  difficult  solubility  of  its  carbonate  in  water;  by  dbnl-   ' 
tng  deUquescent  salts  with  muriatic  and  nitric  acids;  «sdi  Mill    < 
more,  by  its  higher  capacity  of  saturation.    It  agrees  wtlb  soda  la   ] 
not  being  precipitated  by  tartaric  acid  or  chloride  of  pUtioim ;  but  < 
the  salts  olltthia,  when  tbeir concentrated  solutions  nt^ mixed  wilk 
one  of  carbonate  of  soda,  deposit  carbonate  of  lithia.    Dr.  ToriKr 
has  discoveeed  that  it  may  t>e  detected  in  fusible  mincrab  by  die    \ 
redness  which  it  communicates  to  the  flame  of  a  candle  urged  by  the 
blow-pipe,  and  in  such  as  arc  difficultlv  fusiMc  by  addini;  to  ihcm 
a  proper  (lux.    (Ann.  of  PhiL  2d  Ser.xL  ISl.) 


SECTION  IV. 
Caldum. 

To  obtain  calcium,  a  paste  may  be  moulded,  either  of  putt  line, 
or  of  sulphate  of  lime  and  water,  into  the  shape  of  a  small  capsule, 
which  may  bt-  placed  on  a  metallic  dish.  Into  this  capsule  mercury 
may  be  poured,  and  connected  with  the  negative  extremity  of  a  gat- 
vanic  apparatus  of  sufficient  power,  while  the  positive  wire  of  the 
same  pile  is  made  to  touch  the  under  surface  of  the  metallic  pUte. 
When  tbc  contact  has  been  continued  sufficiently  long,  an  amalgiin 
of  mercury  and  calcium  is  obtained,  which  may  be  put  into  a  imtU 
retort  along  with  naphtha  enough  to  cover  it.  The  retort  is  then 
to  be  connected  with  a  tubulated  receiver,  the  tubulurc  of  which  b 
only  loosely  slopped  with  a  cork.  On  applying  heat,  the  naphtha 
first  comes  over;  then  the  mercury;  and  the  calcium  remains,  *«r- 
rounded  by  an  atmosphere  of  vapour  of  naphtha*  As  the  vessels 
cool,  it  would  be  desirable,  and  would  not  be  difficult,  to  fill  then 
with  nitrogen  gas,  to  prevent  the  oxidation  of  the  calcium. 

At  present  our  knowledge  of  calcium  in  a  pure  state  is  veryfa- 
pcrfect.    In  the  instance  in  which  Sir  H.  Uavy  succeeded  lo  the 


fastest  extent  in  distilling  the  tiuicksilvcr  from  the  amalfram.  the 
tube  unfonunatclf  broke  whilu  warm ;  and  at  the  nionient  when  the 
air  entered,  ihc  metal,  which  had  the  colour  and  lusti-c  uf  silver^ 
took  fire,  and  burned  with  m  intense  while  H^hl  into  lime.  It«rzc- 
Itua  obtained  an  amulfram  of  mercury  and  calcium,  by  ck-ctrifying 
lime  licjuor  in  contact  with  mercury,  and  on  thii  amalgam  water 
was  made  to  act.  Trom  the  ({uaiitity  of  lime  thus  produced,  he 
estimates  its  coin|iosition  to  be 

Calcium     ...     -     71.73     -    -     -     lOa 
Oxygen      -    -     -    -     28.27    -     -    -       39.4 

KK). 
And  !)<).4  :  HKt  : :  R  :  SO.n,  which  last  number  is  the  eijuivulent 
of  ralrtum  as  thus  deduced.     Inlenvd  by  less  direct  methods  it 
turns  nut  to  be  exactly  2();  .ind  SO  +  8  =  28  may  lie  i-egarded  as 
rcprcsentinj;  very  nearly  the  atom  uf  lime. 

Limt. 

The  externa]  characters  of  lime  may  be  exhibited  in  common 
quicklime,  such  as  is  employed  fur  the  purposes  of  building  oi- 
agriculture.  In  the  same  state,  it  is  generally  pur<:  enough  for 
demonstrating  its  chemical  priMK-rties;  but,  when  used  for  purposes 
of  the  latter  kind,  it  should  l>e  fresh  burnt  from  the  kiln.  I'ur  accu- 
rate experiments,  it  should  lie  prepared  by  calcining  in  a  crucible 
for  several  hours,  Carrara  or  I'arian  marble,  or  carbonate  of  lime 
which  has  l>cen  precipitated  by  carlwnate  of  ammonia  from  the 
muriate,  and  peHtrctly  edulcorated  liy  ahuiulancc  uf  distilled  water. 
Its  specific  gravity  is  i.5.  It  re<|uii-es  fiH-  its  fusion  the  intense  heal 
of  \  oltaic  electricity,  or  of  the  uxy-hydrogeu  blow-pipe.  It  is  not 
volatile. 

Hclation  of  Litae  to  ffaltr. 

(a)  Lime  absorbs  water  very  rapidly,  and  with  considerable  heat 
and  noise.  By  sprinkling  a  little  water  on  some  dry  quicklime* 
the  lime  will  1>ecomc  extremely  hot,  ami  fall  into  powder,  which 
has  lieen  called  dty  hffdfule  of  lime.  In  this  compound,  the  lime  is 
to  the  water,  according  to  Mr.  Dalton,  as  23  to  8 ;  according  to 
Davy,  as  33  to  17;  and  to  Ilerzelius,  as  HH)  to  33.1;  which  last 
numbers,  l>eing  as  nearly  as  possible  in  the  proportion  of  the  weights 
of  the  atoms  of  lime  and  water  (vis.,  28  to  9),  arc  probably  the 
correct  ones.  It  is,  therefore,  strictly  a  pralo-hyilmte.  Some  rare 
is  ui-cessary  in  its  preparation,  lest  more  water  should  l>e  added 
than  is  essential  to  its  constitution.     It  affords  a  very  convenient 


form  of  keeping  lime,  for  occasional  use  in  a  laboratory^  for  the 
hydrate  may  safely  be  jireserved  in  glass  bottles,  which  are  almost 
constantly  broken  by  the  earth,  if  enclosed  in  its  perfectly  dry  state. 
The  hydrate  of  lime  differs  from  those  of  baryta  and  strontia,  in 
retaining  its  water  much  less  forcibly;  for  the  whok  of  it  may  be 
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cX{H:lled  hy  u  strong  red  heat ;  and  pure  and  absoliitd]:  dry  line 
remains. 

The  <]ei;ree  uf  hcnt,  prodnrcd  hy  the  combiniLtion  of  lime  witk 
water.  U  supposed  by  Mr.  Dalton  to  be  not  Icsii  thui  StUf,  nd  U 
suHlciciK  lo  set  fire  to  some  inflammable  bodies ;  and  whni  a  Urp 
(juantity  of  lime  ia  nuddenly  slaked  in  a  dark  place  cren  liebt.  k- 
cording  to  Fellcticr,  le  sQmRlimcs  evolved.  '1  he  caloric,  whlcli  b 
thus  set  at  Hlteriy,  is  doubtless  that  contained  iti  the  water,  smA 
essential  to  its  fluidity.  By  combination  wiib  lime,  wmcr  pmoict  to 
a  solid  stale,  and  probably  even  to  a  state  of  much  )[realer  nUiifity 
than  that  of  ice.  Hence,  durin)r  this  chanf^,  it  evolvea  mure  caloric 
than  durin)r  conversion  into  ice;  and  hence  even  ice  it&elf,  vhca 
mixed  with  quicklime,  in  the  proportion  of  one  to  two,  rater*  idto 
a  combination  which  lias  its  temperature  raised  lo  212^.  Wluai  a 
sufficient  quantity  of  water  has  been  added  to  reduce  Umc  liito  a 
thin  liquid,  thisU  called  mitt  or  cream  ^/im«j  but  thi»cait»cvcelj 
be  rc|-arded  as  a  definite  compound. 

Lime,  though  not  of  itself  volatile,  is,  in  some  mannert  perhara 
mechanically,  carried  up  by  the  vapour  of  water  employed  la  lUJt- 
ing  it.  When  a  piece  of  moistened  paper,  stained  wiih  the  iwcc 
of  the  violet,  is  held  In  the  steam,  which  arises  from  Innc  niddcftif 
slaked,  its  colour  is  changed  from  blue  to  green.  Hence  tlie  mefl 
which  is  perceived  during  the  slaking  of  lime. 

(6^  Lime  absorbs  moisture  from  the  atmosphere^aod  falbgtadtt- 
ally  into  powder,  containing  pure  lime  and  water,  in  the  proportioa 
nearly  of  IfMI  to  32[  or  it  becomes  a  true  protohydratir. 

(c)  Lime  is  very  sparingly  soluble  in  water,  viz.,  in  the  propor- 
tion of  about  1  to  riK);  according  to  Thomson,  1  to  7S8;  to  Davy, 
1  to  450;  and  to  Dalton,  at  60"  Fahr.,  I  to  778.  From  a  wine  pint 
of  lime-water  prepai-ed  at  60°  Fahr.,  Mr.  R.  Phillips  precipitated 
by  carbonate  of  ammonia  17.3  grains  of  carbonate,  equivalent  to 
9.7  of  lime.  And  as  a  wine  pint  of  this  lime-water  weighs  about 
7300  grains,  it  follows  that  water  at  C0°  Fahr.  takes  up  about  i-75-2d 
of  its  weight  of  that  earth.  The  experiments- of  Mr.  Ualion  tend 
to  establish  a  curious  fact  respecting  the  solubility  of  time,  riz., 
that  it  dissolves  more  plentifully  In  cold  than  in  hot  water.  He  bas 
given  the  following  table,  the  first  column  of  which  expresses  the 
temperature  of  the  water;  the  second,  the  number  of  grains  of 
water,  required  to  take  up  one  grain  of  lime;  and  the  tliird,  the 
number  required  lu  dissolve  one  grain  of  hydrate  of  lime. 

I  er.  of  linn-.  I  KT.  uf  kjdnU'. 

Wl"      -     ...     778 J84 

130"      •     -     ■     -     972 720 

■212°      -     -     -     .  1270 952 

At  the  freezing  point,  or  ne.irly  so,  Mr.  Dalton  thinks  it  probt- 
bic  that  water  would  take  up  nearly  twice  as  much  lime  as  is  dis- 
solved by  boiling  water.  This  inference  has  been  confirmed  by  Mr. 
H.  Phillips,  who.  after  satisfying  liimself  of  the  correctness  Dfllr. 
Dallon's  statement  uf  the  cumposiiion  of  lime-water  prepared  at 
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212%  determined  by  experiment  that  water  at  or  near  32^  FahUi 
dissolves  1 -656th  of  its  weight  of  lime,  or  as  nearly  double  as  pos- 
sible. He  found  also  that  the  solution  prepared  at  this  temperature, 
when  heated  to  ebullition  in  a  glass  vessel,  from  which  a  long  tube 
issued  to  allow  the  escape  of  steam,  and  to  prevent  the  access  of 
carbonic  acid,  deposited  small  white  particles  of  lime.  These  sepa- 
rated in  such  quantity,  that  though  only  l-13th  of  the  solution  was 
evaporated,  the  proportion  of  lime  was  reduced  to  -^7^  The  cause 
of  this  crystallization  Mr.  Phillips  supposes  to  be  the  influence  of 
heat  in  increasing  the  aggregate  attraction  of  the  lime ;  but  it  is 
probable  that  the  heat  may  also  operate  in  diminishing  the  afllinitf 
of  water  for  lime.    (See  Ann.  of  Phil.  N.  S.  i.  lOr.) 

Thewatery  solution  of  lime  Jias  an  acrid  disagreeable  taste,  tunw 
Yegetable  blues  to  green,  and  unites  with  oil,  forming  an  imperfect 
soap.  To  prepare  the  solution,  lime  is  to  be  slaked  to  a  thin  paste^ 
and  a  sufficient  quantity  of  water  afterwards  added.  The  mixture 
is  to  be  stirred  repeatedly,  the  lime  allowed  to  settle,  and  the  clear 
liquor  decanted  for  use.  It  must  be  preserved  in  closely  stopped 
vessels,  for  reasons  which  have  been  stated  in  the  chapter  on  car- 
bonic acid. 

(d)  When  lime-water  is  freely  exposed  to  the  atmosphere,  the 
lime  is  precipitated  from  it  in  the  stale  of  a  carbonate;  and  it  is, 
therefore,  not  possible  to  obtain  crystals  of  pure  lime,  by  evaporat- 
ing lime-water  in  the  common  way.  Its  crystallization,  however, 
has  been  effected  by  Oay  Lussac,  by  enclosing  a  vessel  of  lime-water, 
and  another  of  concentrated  sulphuric  acid,  under  the  same  glass 
receiver.  The  eNaporation  of  the  water  goes  on  quickly,  especially 
when  the  sulphuric  acid  is  occasionally  renewed,  and  small  trans- 
parent crystals  are  obtained  in  regular  hexahedrons,  cut  perpen- 
dicularly to  their  axes.  They  remain  transparent  when  exposed  to 
the  air  for  a  few  days,  and  are  then  changed  into  carbonate  of  lime. 
By  ignition  In  a  glass  tube,  their  water  of  crystallization  isclpelled, 
and  they  are  proved  to  consist  of 

Lime      -     -     76.26    -     -     100. 
Water   -     -     23.74     -     -       31.14 


100. 

These  crystals  agree,  therefore,  very  nearly  in  composition  with 
the  proto-hydratc,  which  is  obtained  by  exposing  quicklime  to  a 
damp  atmosphere.  This,  if  the  atom  of  water  be  taken  at  9,  and 
the  atom  of  lime  at  i28,  will  make  that  of  the  crystallized  hydrate 
37.  (Ann.  dc  Ch.  et  de  Ph.  i.  334.) 

Peroxide  of  Calcium. 

When  oxygen  gas  is  passed  over  ignited  quicklime,  the  gas  is 
absorbed,  and  a  peroxide  of  calcium  is  obtained ;  the  exact  com* 
position  of  which  has  not  been  determined.  A  similar  peroxide, 
united  with  water,  is  formed  also,  according  to  Thenard,  when 
lime  is  brought  into  contact  with  the  deutoxidc  of  hydrogen,  dis- 
covered by  that  chemist. 

Vol.  I.  3  Q 


Chloride  of  Calcium  and  Munalt  of  IJme. 

When  lime  is  heated  in  chlorine  gas,  1  volume  of  chlurine  aA- 
■orbed,  and  half  a  volume  of  oxygen  is  evolved  ;  anri  n  chloride  of 
ciJcturo  is  formed.  The  same  compound  is  obtuined  bf  saiiintn|t 
fpurialic  acid  with  carbonate  of  lime,  evapuntUoif  tu  drynesi,  nd 
fbiin^  the  residue.  In  thin  case  ihe  muriatic  ocid  is  deconpoad; 
its  hydrogen,  unitlag  with  the  oxygen  of  the  iimc,  csupn  U  ikc 
atftie  of  water ;  and  the  chlorine  unites  with  the  cttlcium.  The 
chloride  and  the  muriate  are,  therefore^  tiitituall)'  conrcrtiUc  bf 
ndding  or  expelling  water.  One  hundred  grains  of  carbanaic  of 
lime  afford,  according  to  llcrzclius,  lOQ.O  of  fused  cliloriile  of  cal- 
cium, containing,  as  appears  from  calculation,  t)9.ti  chlorne,  aad 
40  of  the  metal,  which  numbers  are  as  nearly  as  possible  in  tbt 
proportion  of  36  to  20,  the  equivalents  of  chlorine  and  c&Icium. 
Ilcnc«  the  representative  number  of  chloride  of  calcium  n  M  + 
SO  — Sfijorii 


100 

When  chloride  of  calcium  ia  exposed  to  the  aLUnonbcr^  ittUt  i 
'  quifttes  very  rapidly.  It  is  uf  course,  therefore,  aoluble  in  s  nrj 
email  quanlity  of  water,  and  it  furms  a  solution  of  a  thick  oity  con- 
aistencc,  and  of  a  biltur  ucrid  tsslc.  This  solution,  which  is  MricX- 
ly  muriate  of  lime,  deposits  crystals,  if  exposed  to  the  temperiiure 
of  32"  Fahr,  These  crystals,  when  mixed  with  fresh  fallen  snow,* 
produce  a  degree  of  cold  sufllcient  to  freeze  (juickMlver,  as  already 
stated  in  the  chapter  on  caloric.  They  contain,  according  to  Dr. 
Thomson, 

Muriatic  acid  -     31.09     or  I  atom   37 

Lime       -     -     -     23.53     or  1  atom   28 

>  Water    -     -     -     45.38     or  6  atoms  54 

Weight  of  its  atom,  119 
When  the  crystals  are  exposed  to  a  heat  gradually  raised  lo 
redness,  they  sustain  a  greater  loss  than  should  arise  from  thai  of 
six  atoms  of  water,  for  the  oxygen  of  the  lime,  uniting  with  the 
hydrogen  of  the  muriatic  acid,  forms  an  atom  of  water.  We  have 
therefore,  from  1 19  parts  of  the  salt,  a  loss  of  54  parts  +  9  ™  63. 
lodidt  of  ealciutn  is  obtained  by  evaporating  to  dryness  the  h)' 
driodatc  of  lime,  and  strongly  healing  the  residue.  It  is  a  white 
fusible  compound. 

SulphuTd  of  calcium  was  formed  by  Berzelius  by  passing  lal- 
phureted  hydrogen  gas  over  red-hot  lime,  the  oxygen  of  whick 
united  with  the  hydrogen  to  form  water,  while  the  sulphur  unilcd 
with  the  calcium,  ficrlhier  formed  it,  also,  by  cxpo&ing  anhydnws 
sulphate  of  lime  to  a  strong  heat  in  a  chuxoij  crucible,    la  bMh 
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caacs  a  Bnlphnret  of  calctum  was  formed,  completely  solnble  In 

water,  and  constituted  of 

Calcium       -    59.09  or  1  atom  »  SS 

Sulphur  -    -    -10.91  or  1  atom  «  16 

lOa  40 

PhotphuTtl  of  ealcivm. — There  can  be  little  doubt  that  this  sub- 
stance, though  hitherto  considered  a  compound  of  phosphorus 
with  lime,  is  cither  entirely  or  partly  a  phosphuret  of  its  metallic 
basu,  but  at  present  we  are  not  acquainted  with  its  exact  composi- 
tiun.  (See  Dumas,  Ann.  dc  Ch.  et  dc  Ph.  xxxiiL  363.)  It  may 
be  prepared  as  follows: 

Take  a  glass  tube,  about  12  inches  long,  and  one-third  of  an  inch 
diameter,  sealed  hrrmelically  at  one  end.  Let  this  tube  be  coated 
with  clay,  except  within  about  half  an  inch  of  the  sealed  end.  Put 
first  into  it  a  drachm  or  two  of  phosphorus,  cut  into  small  pieces, 
and  then  fill  the  tube  with  small  bits  of  fresh  burnt  lime,  of  the  size 
of  split  peas.  Stop  the  mouth  of  the  tube  loosely  with  a  little  pa- 
per, in  order  to  prevent  the  free  access  of  air. — Nest,  heat  to  red- 
ness that  part  of  the  tube  which  is  coated  with  clay,  by  means  of  a 
chafmg-dlah  of  red-hot  charcoal;  and,  when  the  lime  may  be  sup- 
posed to  be  ignited,  apply  heat  to  the  part  containing  the  phos- 
phorus, so  as  to  sublime  it,  and  to  bring  the  vapour  of  it  into  con- 
tact  with  the  heated  lime.  The  phosphorus  will  decompose  the 
lime,  and  will  form,  with  the  calcium,  a  compound  of  a  reddish 
brown  colour.  Some  useful  directions  for  the  successful  perform- 
ance of  this  process  may  be  found  in  Mr.  Faraday's  work  on  Che- 
mical Manipulation,  sect.  688. 

The  phosphuret  of  lime  has  the  remarkable  property  of  decom- 
posing wat'T  at  tlic  common  temperature  of  the  atmosphere  }  and 
the  water  afterwards  contains  phosphite,  or  hypo-phosphite,  and 
not  phosphate  of  lime,  ((^'uy  Liissac,  8.'!  Ann.  dc  Ch.  I3U6,  and 
Aim.  de  Ch.  et  I'hys.  vi.  S28.)  If  a  small  piece  of  it  be  dropped 
into  a  wiiie-;;lass  of  water,  in  a  short  time  liubbles  of  phosphureted 
hydro};en  gas  will  be  produced,  which,  rising  to  llie  surface,  will 
take  hrc,  and  explode.  If  the  phosphun-t  of  lime  be  not  perfectly 
fresh,  it  may  be  pn>i>er  to  warm  the  water  to  which  it  is  added. 
(See  chap.  viii.  sect.  3.) 

Into  an  ale-glass  put  one  part  of  phosphuret  of  lime  in  pieces 
about  the  size  of  a  pea  (not  in  powder),  and  add  to  it  half  a  part  of 
chlorate  of  potassa.  Fill  the  glass  with  water,  and  put  into  it  a 
funnel,  with  a.  lonj;  pipe,  or  narrow  glass  tube,  reaching  to  the 
bottom.  Through  this  pour  three  or  four  parts  of  strong  sulphu- 
ric acid,  which  will  decompose  the  chlorate;  and,  the  phosphuret 
also  decomposing  the  water  at  the  same  time,  flashes  of  fire  dart 
from  the  surface  of  the  fluid,  and  the  bottom  of  the  vessel  is  illumi- 
nated by  a  beautiful  green  ligbL  (Davy.) 

Satii,  4^«  witk  Bait  tfLifnt. 
CUoridt  of  Hme. — When  chlorine  gai  is  brouhgt  iato  coBtact 
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wUli  proto-liydrair  of  lime,  wiiicli  lias  been  patscd  throagh  »  fiat 
akvc,  the  gas  i*  alivoHied  wilh  rapiilitjr,  awl  with  tbc  evolBtjaa  if' 
mnch  hraL  It  is  necessary,  indeed,  either  (u  ^u»  ihe  carrest  af  ^ 
gas  very  ilowlyi  or  to  surround  the  vessel  i:<>nl)tinin|;  tbc  limeirilk 
cold  water;  hr  the  healovolved  is  auflicivnl  to  depreciate  tbc  vkhc 
of  the  product  oiic-llilrd.  Occasionally,  also,  the  aurTace  of  tic 
IJnA  must  be  changed  by  stirring,  and,  if  the  chloride  be  rrfjairerf 
of  ihc  greatest  possible  strength,  the  water,  lost  by  eraporatita 
daring  the  process,  must  be  occasionally  supplied.  A  Uttle  cxcen 
of  water  does  no  harm,  btit  a  deticicncy  causes  the  lime  to  be  i^ 
dundant,  even  as  much  as  25  per  cent,  (Morin.)  When  th«  hrdnle 
has  taken  all  the  gas  that  it  is  capable  of  absorbing,  there  r«maiaa 
a  dry  white  powder,  of  considerable  importance,  from  its  exioiaht 
use  in  the  art  of  bleaching,  and  known  m  commerce  bj  the  aamet 
at  blmeking  powtter,  or  oxymuriate  of  lime. 

This  substance,  called  also  ivb-chtoride  of  A'nic  or  mb-M>ndtif  ^ 
hydrated  Hme,  and  by  Dr.  Thomson  dirhloridf  of  Hmr,  his  a  faJnt 
odour  of  chlorine,  and  a  pcnetratinff  taste.  When  aeitiml  with 
water,  a  portion  is  dissolved,  varying  in  difTercnl  specimens.  The 
■olution  of  a  sample  of  fair  commercial  quality,  when  a  wine  gal- 
Ion  of  water  had  been  made  to  act  upon  a  pound  of  the  salt,  I  foDnd 
bad  the  specific  gravity  of  1.033.  A  large  residue  of  uodiuolnd 
matter  is  always  left,  which  consists  for  the  most  port  of  hydrate 
of  lime,  not  entirely  free*  however,  from  chlorine,  the  imdl  of 
which  is  evolved  from  it  on  adding  an  acid  (  but  this  Morin  finunii, 
docs  not  exceed  ^th  the  chlorine  originally  present  in  a  given 
quantity  of  chloride  of  lime.  The  solution  in  water  always  con- 
tains an  excess  of  lime,  and  does  not  actively  discharge  rcgciable 
colours,  till  some  acid  is  added  to  disengage  the  lime  from  the 
chlorine.  The  disinfecting  power  of  chloride  of  lime,  when  its 
solution  is  sprinkled  in  the  apartments  of  persons  labouring  under 
fevers  and  other  infectious  diseases,  is  noticed  in  the  Quart.  Joum. 
N.  S.  i.  211. 

Chloride  of  lime  exposed  to  heal  is  decomposed  ;  a  small  portion 
of  chlorine  gas  and  some  water  first  come  over;  and,  on  raising 
the  heal  to  upwards  of  600°,  oxygen  jjas  is  evolved,  by  the  action 
of  the  chlorine  upon  the  calcium,  which  is  the  base  of  the  lime. 
The  quicker  the  application  of  heat,  the  less  is  the  proportion  of 
chlorine  Ulierated,  and  the  greater  that  of  oxygen  gas,  For  every 
50  cubic  inches  of  oxygen  that  are  obtained,  we  may  reckon  that 
100  cubic  inches  of  chlorine  (=rGj  grains)  have  united  with  cal- 
cium. The  chloilde  of  lime  is  thus  converted  by  heat  into  chloride 
of  calcium.  A  similar  change  appears  lo  take  place  by  long  keep- 
ing at  ordinary  tempermii  res;  for  the  salt  gradually  loses  its  bleach- 
ing power.  When  fresh  prepared,  it  does  not  essentially  contain 
any  chloride  of  calcium,  or  muriate  of  lime;  but  in  a  specimen 
which  had  been  kept  about  five  years,  Mr.  Dalton  found  3(1  per 
cent,  of  that  salt,  the  chloride  of  lime  being  proportionally  dimin- 
ished. To  this  change  the  pi-esence  of  moisture,  cither  originally 
contained  (O  the  salt,  or  acquired  from  the   aiinosphcre,  nukly 
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conlribates,  snd  ii  probably  even  essential.    Thn  ainoqttlon  of 
carbonic  acid  appears  lo  perform  only  a  sefondary  part. 

The  composition  of  sul>«hloridc  of  lime  was  first  attentively  exa- 
mined by  Mr.  Dalton.  (Ann.  of  Phil.  i.  15,  and  ii.  6.)  A  specimen 
formed  by  exposing  the  proto-hydrate  of  lime  to  chlorine  gas,  till 
it  would  absorb  no  more,  he  found  to  be  constituted  of 

Chlorine 23 

Lime 38 

Water 39 

100 
These  numlKrs  do  not  exactly  agree  with  any  atomic  proportions ; 
but,  if  altered  a  little,  as  follows,  to  correct  defects  in  the  analysis, 
which  are  within  the  limits  of  possible  error,  the  constitution  of 
the  salt  would  cease  lo  be  anomalous;  ri:., 

Chlorine  -  -  2^.r>G  =  1  atom  -  -  -  SC 
Lime  -  -  -  38.54  =  S  alums  -  -  -  56 
Water  -    -    -    3r.lO  =  G  atoms  -    .    -    54 

lOa  146 

F.ach  atom  of  lime  appears,  therefore,  to  hnve  Wen  united  with 
3  atoms  of  water,  or  to  have  been  in  the  slate  of  iri-h  id  rate.  These 
proporlions  of  chlorine  and  lime  ara  such  as  to  constitute  a  true 
mb-ehforide,  as  Mr.  Dalton  names  it;  or tuli-iiic/iloriile or dicliioride, 
u  it  has  iHfn  called  by  Dr.  Thomsoiu 

When  water  was  made  to  act  upon  the  sub-chloride,  Mr.  Dalton 
found  that  one-half  of  the  whole  lime  was  deposited  ;  a  boiling  heal 
was  also  found  by  bin)  to  disrnj^agc  oxygen  gas  from  it  in  abun- 
dance, and  not  more  than  l-.ilMJth  nf  the  chloride  escaped  decom- 
position. In  the  remaining  licjuid,  analyzed  by  adding  carbonate 
of  potassa,  he  found  that  there  were  present  1  atom  of  chlorate  of 
lime,  and  16  atoms  of  chloride  of  calcium.  Of  the  evolved  oxygen, 
each  volume,  according  to  Morin,  represents  two-thirds  rf  the 
chloi'inu  present  in  the  decomjioscd  portion  of  chloride  of  lime. 
The  atom  of  chlorine,  therefore,  is,  in  the  solution,  engaged  by  an 
atom  of  base,  constituting  a  true  rblor'uUof  Hint.  This  compound 
is  probably  not  capable  of  existing  long  in  solution.  When  exposed 
to  the  air,  it  soon  becomes  covered  with  a  pclliric  of  carbonate  of 
lime,  and  when  this  is  broken,  with  another;  and  this  goes  on  in 
succession.  But,  besides  this  displacement  of  chlorine  by  tjic  car- 
bonic acid  of  the  atmosphere,  Morin  observed  a  spontaneous  de- 
composition going  on  beneath  the  superficial  pellicle,  and  a  dis- 
charge of  oxygen  gas,  accompanied  with  a  diminution  of  bleaching 
power  in  the  liquid,  even  when  guarded  from  the  action  of  light ; 
and  this  continued  till  the  chloride  was  entirely  decomposed. 

In  their  views  of  ihc  constitution  of  chloride  of  lime,  Dr.  Thom- 
son (Ann.  of  Phil.  xv.  401),  M.  Welter  (Ann.  de  Ch.  el  de  I'hys. 
vii.  383),  and  M.  Morin  (Ann.  de  Ch.  ct  de  Ph.  xixviL  14U),  for  the 
most  part  agree ;  except  that  they  assign,  to  the  dry  salt,  propor- 
tions of  water  differing  from  those  of  Mr.  Dalton.  ThejF  Kdnit  that 
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apariiiion  ^r  ihi^  base  is  ef!«ct«l  by  solatlon,  and  tliat^Io  (liellqiuit   I 
the  existitif;  compound  contains  an  alom  of  each  of  its  clramtl^ 

The  assay  of  sub-chloridc  uf  lime,  in  order  to  ascrrtain  its  ci»itt- 
mcrcial  valuC)  has  been  efictted  in  several  ways,  Mr.  Dalttm  fint 
proposed  detaching  lUe  gaa  from  a  g'Sveu  weight  either  of  the  Art  . 
or  licjuid  compounda  over  mercury  in  a  graduated  tube,  by  tnciu  I 
of  ati  acid.  A  portion  of  the  chlorine  is  retained  by  the  liquJdi  I 
which  may  be  estimated  at  twice  its  Volume;  but  no  scnsibk  error  | 
IB,  it  seems,  occasioned  by  the  action  of  tlie  chlorine  on  the  mcrcary. 
He  afterwards  announced  what  h&considers  as  an  improved  metW, 
Vts.,  the  successive  addition  of  a  solution  of  the  chloride  to  a  w- 
lution  of  green  sulphate  of  iron  (sp.  gr.  1. 149)  till  the  amcB  af 
chlorine  i»developed.  This  method,  however,  I  consider  as  grvaily 
inferior  to  that  of  liberating^  the  chlorine  by  an  acid.  To  effect  UiU. 
without  the  aid  of  a  mercurial  trough.  Dr.  Upe  has  coairivcd  *■ 
instrumeot  described  in  the  Quarterly  Journal,  xiii.  21,  Forll* 
purposes  of  the  artist,  I  believe,  however,  the  most  pnaicahte 
lueihod  will  be  found  to  be  the  lest  of  solution  of  indigo  !■  cnlbbwr- 
ic  acid.  It  may  be  of  such  strength,  that  1600  parts  of  the  htisor 
contain  1  of  indig^i.  Of  this  solution,  100  cubic  inches  ofchlariM 
^  76j  grains,  destroy  the  colour  of  1159.3  cubic  inches.,  or  10 
grains  of  chlorine  discharRc  the  colour  of  152  cubic  inches  of  the 
solution.  It  is  desirable  to  dilute  the  solution  of  chloride  of  Line, 
Eo  that  its  volume  may  be  nearly  one-half  that  of  the  colour  test ; 
to  pour  the  fonner  into  the  latter  slowly  and  at  intervals,  stirritg 
the  mixture  uoll  afiyr  each  addition  ;  and,  in  making  several  com- 
parative experiments,  to  take  care  that  the  quality  of  the  lesi,  and 
the  manner  of  proceeding,  shall  be  precisely  the  same  in  all.  M. 
Gay  Lussac  has  contributed  to  render  tlic  assay  of  chloride  of  lime 
by  indigo  more  certain  and  correct,  by  the  invention  of  an  appara- 
tus for  the  purpose,  nliich  he  calls  a  cklorometer,  and  by  a  minute 
description  of  all  the  necessary  manipulations,  (Ann.  of  Phil.  viiL 
218.)  The  careful  observance  of  these  directions  will  doubtless 
obviate  many  sources  of  error ;  but  the  variable  ([ualiiy  of  indigo 
must  prevent  every  method  of  employing  that  substance  from  being 
an  universal  and  infallible  test  of  the  strength  of  chloride  of  lime; 
and  when  a  precise  analysis  is  required,  the  actual  measurement 
of  the  disengaged  chlorine  is  alone  to  be  depended  upon. 

Morin  has  lately  recommended  a  solution  of  muriate  of  manga- 
nese, as  a  more  certain  measure  of  the  quantity  of  chlorine  in  chlo- 
ride of  lime.  When  the  solutions  are  mixed,  the  lime  seizes  the 
muriatic  acid,  some  chlorine  escapes,  and  the  brown  oxide  of  man- 
ganese is  precipitated.  The  solution  of  manganese  beingof  known 
strength,  indicates  the  (juantiiy  of  the  chloride  decomposed  by  it; 
and  affords,  according  to  Morin,  an  uniform  test,  which  is  not  de- 
composed like  solution  t)f  indigo  in  sulphuric  acid,  when  kept  any 
moderate  time. 

ChloTiUc  of  lime  may  he  formed  by  acting  on  carbonate  of  lime 
with  chloric  acid.  A  deliquescent  compound  is  oblainedf  of  a  thaip 
and  bitter  taste,  soluble  in  alcohol,  and  giving  oxygen  gas  wha 


Iicatcri.  It  is  constituted,  according;  to  Clicvoiiix,  uf  33,2  acid  + 
28.rl  lime  +  1G.5  water. 

Jodate  1^  Htne  rei|uirea  for  solution  several  hundred  limes  its 
weight  of  water.  When  exposed  to  a  strong  heal,  it  is  decomposed, 
oxy^n  and  iodine  arc  f;iven  off,  and  the  base  remains. 

lltftlriodale  of  lime  is  deli<|ucsceiit,  crystallizable,  enters  into  fu- 
sion at  a  heat  a  little  below  redness,  and  is  cmverteil  into  iodide 
of  calcium  ill  close  vessels;  but  when  heated  with  the  free  access 
of  air,  much  of  the  iodine  is  beparated,  and  a  sub-iodtde  of  calcium 


Nitrale  of  Lime. 

This  salt  is  found  abundantly  in  the  cement  of  old  buildings, 
whirh  have  been  long  inhabiu-d.  To  pn-parc  it  arlificially,  nilric 
arid,  diluted  with  five  or  six  parts  of  water,  may  bi-  .saturated  with 
carbonate  of  lime,  C3  parts  of  which  mi;  ileromp<tscil  by  il».3.»  of 
nilric  acid  of  density  1-5,  and  give  10.'. 11.1  of  dry  nitrate  of  linic. 
(Phillips,  Journal  uf  Science,  v.  llir.)  ^Vhi-n  llic  sulutinn  is  boiled 
down  to  the  consistence  of  syru|>,  and  expo.<ied  in  a  cuol  place,  long 

Crismaiic  crystals  arc  formed,  rcsi-mbliug,  in  their  disposition, 
undies  of  ueedk-s  diver|;ing  fi-om  a  eonimon  eiiitre.  'I'luse  ci-ys- 
tals  ai-e  ivadily  soluble  in  water,  of  which,  at  frit',  they  n.-(|iiii-e  two 
parts,  and  boiling  waterdissulvrs  an  eiiual  weight.  Tiny  delitjuiate 
speedily,  when  exjiosed  to  the  air ;  ami  are  deeonipoKed  at  the  tem- 
perature of  ignition.    Exclusive  of  water,  this  salt  contains, 

According  to  Dalton     -     .     .     .     61.3  S8,r 

Phillips-     -     -     -    tJ5.6  34.4 

The  latter  numbers  agree  very  nearly  with  its  atomic  constitution, 


,  When  a  solution  of  miraie  of  lime  is  evaporated  to  dryness  in  an 
earlhcn  vessel,  then  fused  for  five  or  ten  minutes  in  u  crucible,  and 
poured,  while  in  fusion,  into  an  iron  pot  previously  Iieule<l,  the 
congealed  mass  forms  liiihbcin's  jtlimphonin.  It  must  be  broken 
into  pieces,  and  preserved  in  a  well-stopped  phial.  These  pieces, 
after  having  liccn  exposed  to  the  sun  for  a  few  hours,  emit  in  the 
dark  a  beautiful  white  light,  aflbrding  one  variety  of  solar  [iliosplio- 
rus. 

Caihonatt  of  lAme. 

I^imc  has  a  strong  attraction  for  eatimnic  adtl^  but  not  when  per- 
fectly dry ;  for  if  a  piece  of  dry  tjuicklimc  be  passed  into  a  jar  of 
carbonic  acid  gas  over  mercury,  no  absorption  whatever  ensues. 
But  if  a  bottle,  filled  with  carbonic  acid  gas,  be  iiivcried  over  a 
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mixture  of  lime  and  water  of  the  consistence  of  crenn,  mr    

aorption  will  be  observed,  especially  if  the  botllc  be  a^taud  ;  «r  8 

'|ar  or  bottle,  filled  with  carbonic  acid,  be  brought  over  a  veaid 

tranxparent  lime-water,  on  a^tating  the  vcssi^t,  a  rapid  dtouM- 
tiun  willensue,  and  the  lime-water  «rtll  become  milky.  \V1kb  t 
shallow  Tessel  of  lime-water  is  exposed  to  ilie  air,  a  white  crvt 
forms  tin  the  surface,  and  this,  if  broken,  falls  to  ihn  banom,  aad  is 
succeeded  by  snuther,  tlU  the  whole  of  the  lime  is  precipitainl  froa 
the  solution.  This  is  owing  to  the  absorption  of  carbank  sctd  gu 
from  the  air  by  (he  lime,  which  U  thus  rendered  insoluble  la  vaiea 
Dry  lime,  also,  when  exposed  to  the  atmosphere,  first  acqaim 
moisture, and,  having  become  a  hydrate,  next  absorbs  carbonic  fad. 
In  a  suMcient  &pacc  of  time,  all  the  characters  dislingnishing  it  u 
lime  disappear,  and  it  acquires  (he  property  of  effcrvescioK  wiik 
ar.ids.  The  strong  afiluily  of  lime  for  carbonic  acid  enables  it  m 
take  this  acid  from  other  substances.  Thus  carbonates  of  alkalie* 
are  decomposed  by  lime.  Slake  a  given  ijuaniity  of  lime  into  a 
paste  with  water,  and  add  half  its  weight  of  carlionatr  of  potassi 
or  soda.  Boil  the  mixture,  for  half  an  hour^  in  an  iron  kettle,  and 
sejMvale  the  liquid  part  by  fiUralion  or  by  subsidetiec.  Th«  csr^ 
bonic  acid  combines  with  ilie  liine,  and  the  alkali  is  obtained  »  a 
state  of  aolution  perfectly  free  from  carbonic  acid.  This  isiheofA 
nary  mode  of  depriving  the  alkalies  of  carbonic  acid. 

Carbonate  of  lime  is  a  most  abundant  product  of  nature.  Ib  til 
forms  of  iimC'Stoiie,  marble,  and  clialk,  it  toii5tiuii>r5  tiiensivc 
strata,  and  it  is  the  basis  also  of  calcareous  spar  and  sialacute& 
Carrara  marble  of  perfect  whiteness,  or  transparent  and  colourless 
calcareous  spar,  arc  its  purest  forms;  but,  for  common  purposes, 
chalk  may  be  employed  lo  cxhil>it  its  properties. 

The  carbonic  acid  existing  in  carbonate  of  lime  is  cipeWed  by  a 
strong  red  heat.  If  distilled  in  an  earthen  retort,  carbonic  acid  gas 
is  obtained,  and  lime  remains  in  llic  retort  in  a  pure  or  caustic 
state.    By  this  process  perfectly  dry  carbonate  of  lime  loses  -H  per 

The  experiments  of  Sir  James  Hall  have  proved,  that  when  the 
escape  of  the  carbonic  acid  is  prevenicil  by  sironij  pressure,  car- 
bonate of  lime  is  fusible  at  a  heat  of  about  ii"  of  Wedgwood's  py» 
romeler.  (Nicholson's  Journal,  xiii.  xiv.)  And  Mr.  Bucholz  has 
fused  this  substance,  by  ihc  sudden  application  of  a  violent  beat, 
without  additional  compression.  (Ibid.  xvii.  229.) 

Carbonate  of  lime  is  decomposed  by  almost  all  acids.  This  will 
appear,  if  upon  chalk  or  marble,  contained  in  a  f^as  bottle,  diluted 
sulphuric  or  muriatic  acid  be  poured.  A  violent  effervescence  will 
ensue,  owing  to  the  escape  of  carbonic  acid  gas,  which  may  be  col- 
lected over  water  or  mercury,  lly  a  little  modification  of  the  expe- 
rimenl,  the  quantity  of  carlionic  acid  expelled  from  the  carbonate 
may  be  correctly  ascertained.  Let  IIH)  grains  of  the  carbonate  be 
put  into  a  Florence  dask,  with  an  ounce  or  two  of  water;  place  this 
in  the  scale  of  a  balance;  and  in  the  same  scale  place  another  bot- 
tle, containing  about  half  an  ounce  of  muriatic  acid.  Add  the  mm- 
riatic  acid  to  the  carbonate  as  long  as  any  clferTescence  is  pivdK- 


edf  and  then  blow  out  that  part  of  the  disengaged  carbonic  acid, 
which  remains  in  the  flask,  b^  a  pair  of  bellows.  Ascertaitii  by 
adding  weights  to  the  opposite  scale,  how  much  has  been  lost ;  sup- 
pose it  to  be43.S  grains;  this  shows  the  quantity  of  carbonic  acid 
disengaged.  Calcine  another  100  grains  in  a  covered  crucible.  It 
will  lose  rather  more  weight ;  because,  besides  carbonic  acid,  all 
the  water  is  expelled  which  it  may  contain.  Let  this  loss  be  stated 
at  45  grains;  the  former  loss  deduced  from  this  (45  — 43.5X  or 
i.S  grain,  shows  the  quantity  of  water  in  1<X)  at  the  carbonate. 
The  proportion,  however,  thus  discovered,  is  so  small  that  it  may 
be  considered  as  an  accidental  ingredient.  Independently  of  watcr^ 
ii  is  constituted, 

Acid.  Bm^ 

According  to  Dr.  Wollaston,  of  -     -    43.7        56.S 

Bereelius,or-    -    -    -    43.6        56.4 

Its  true  composition  is  probably. 

Carbonic  acid  -    -    •    44  or  1  atom  —  32 
Lime  - 56  or  I  atom  —  28 

100    Atomic  wt  50 

Carbonate  of  lime,  though  scarcely  dissolved  by  pure  water,  ia 
soluble  in  water  saturated  with  carbonic  acid.  The  most  striking 
method  of  showing  this  is  the  following:  Add  to  a  jar,  about  one- 
fourth  filled  with  lime'Walcr,  a  very  small  quantity  of  water  satu- 
rated with  carbonic  acid.  An  immediate  milkiness  will  ensue,  be- 
cause the  carbonic  acid  forms  with  the  lime  an  insoluble  carbonate. 
Add  gradually  more  and  more  of  the  water,  impregnated  with  car- 
bonic acid,  shaking  the  vessel  as  these  additions  are  made.  At  last 
the  precipitate  will  be  completely  rc-disiolvcd.  Hence  h  appears 
that  lime,  united  with  a  certain  proportion  of  carbonic  acid,  is  in- 
soluble, and,  with  a  still  larger,  again  becomes  soluble  in  water. 
By  heating  the  solution  of  Ihnc  in  carbonic  acid,  wc  do  not,  as  in 
the  case  of  alkaline  solutions,  obtain  a  l)i-carbonate  of  lime,  which 
is  a  salt  still  unknown ;  but  the  lime  is  throwu  duun  in  the  state  of 
simple  carbonate,  and  the  excess  of  carbonic  acid  escapes  into  the 
atmosphere. 

Carbonate  of  lime  is  decomposed  into  its  ultimate  elements  by 
l)cing  heated  with  phosphorus,  as  was  discovered  by  the  late  Mr. 
Smithson  Tcnnant.  The  process  resembles  that  already  described 
for  making  phospburci  of  calcium,  except  that  powdered  marble 
is  to  be  substituted  for  ttK  pure  earth.  The  experiment  succeeds 
best  if  the  marble  is  slightly  calcined.  When  the  tube  has  remain- 
ed red-hot  fur  some  minutrs,  it  may  he  taken  from  the  fire,  and 
must  be  sufCered  to  grow  cold  before  it  is  broken.  It  will  be  found 
to  contain  a  black  powder,  consisting  of  charcoal  mixed  with  phos- 
phurct  of  calcium  and  phosphate  of  lime.  The  lime  and  phosphoric 
acid  may  be  separated  by  solution  in  an  acid,  and  by  filtration,  and 
ihc  phosphorus  by  sublimation.  (Phil.  Trans.  1791.)  This  beautiful 
experiment  fumubed  decisive  evidence  of  the  nature  of  carbonic 
Vol.  I.  3  R 
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acid,  befow  wc  were  fuliy  in  possession  oC  llic  synthctk-  proeli  %J 
which  its  composition  is  now  eAtitbltshcd. 

Bimttcof  Hme  may  bt  formed  by  adding  &  aoluticm  of  bondt 
ftciil  ta  lime-waler.  The  rcaulling  compound  is  a  white  liiiilf 
iraudcr.  which  <Us»olvca  very  upanagly  iu  wulcr. 

IJuaU<fHme. — Ther«  is  a  imturnl  product  well  known  in  Ouk^ 
shin-,  and  other  parts  of  the  world,  under  the  name  ntjhm^  ifm^ 
which  is  worked  into  a  variety  of  omamuDta.  It  moitt  ccm)tnwt|i 
when  cryBlallized.  occuri  in  cnbes,  bat  its  primitive  farm  itaoo^ 
taiiedron.  Its  specific  gravity  is  3.15.  It  is  perfectly  tnstelcaa,  nd 
Insoluble  in  water.  When  thrown  in  powder  upon  »  plate  of  ixm 
healed  below  rednt^ss,  in  a  dark  place,  it  emits  a  phusptiorcsKat 
light.  Concetilrated  sulphuric  acid  occasions  an  eSenrcsccucc  bj 
expelling  fluoric  acid  gas. 

Fluaic  of  lime  contains  fiuu  *»<!.  i^ 

According  to  Davy 27.859       -      .     TlHI 

flerzelius  (18524}  -     ■    27.3145     -     -     T&AftU 

Thomson     -     -     -     -     26.3158     -     -     73.6»« 

The  last  numbers  arc  derived  from  experiment,  coirccted  m  w 
to  cori-cspond  with  the  notion  thai  fluate  of  lime  consists  of  I  IKm 
of  acid  4-  1  atom  of  base.  The  view  of  its  composition,  whkh 
makes  it  consist  of  an  atom  of  Suorine  +  an  atom  ofcalcjum,  has 
already  been  stated  in  the  article  on  hydro-fluoric  acid.  (  Page  S5^) 
Phatphitt  oflimt  has  not  been  particularly  examined.  Tbr  hyp»- 
phospliitc  has  bi-L-n  suhmiitcd  to  experinnjnt  by  Rose.  (Atiti.de  Ph. 
Teb.  1827.  p.  4.W.) 

Phosphate  of  lime  AcTwes  importance  from  its  bein^  the  principal 
ingredient  of  animal  bones,  of  wliich  it  constitutes  about  86  per 
cent.  It  may  be  obtained  by  dissolving  bones,  which  have  been 
well  calcined  and  iben  pulverized,  in  dilute  muriatic  acid,  and  pre- 
cipitating the  solution  with  pure  ammonia.  The  precipitate,  when 
sufRciently  edulcorated,  ispho»plui/e  ofUme.  It  is  an  insipid  white 
powder,  insoluble  in  water,  but  soluble  in  diluted  nitric,  muriatic, 
and  acetic  acids, and  again  precipitable,  unaltered,  front  those  aci<ls, 
by  caustic  ammonia.  At  a  high  temperature,  it  fuses  into  an  opa<iuc 
white  enamel.  It  is  constituted,  according  to  Mr.  Dalton's  experi- 
ments, of  49  acid  +  51  lime,  proportions  so  near  equality,  thi: 
we  may  consider  phosphate  of  lime  as  consisting  of  1  atom  of  acid 
™  28,  +  1  atom  of  base  =  28,  the  compound  atom  being  56. 

Pi-phosphate  of  Hme  may  he  formed  by  digesting  phosphate  of 
lime  with  a  (juintily  of  phosphoric  acid  ecjuivalent  to  that  already 
engaged  in  the  salt.  The  solution  has  an  acid,  and  somewhat  harsh 
and  disagreeable  taste.  It  does  not  crystallize,  but  forms,  when 
evaporated,  a  white  mass,  which  attracts  moisture  from  thi'  air. 
Before  the  l>low-pipe  it  melts  into  a  transparent  glass,  insoluble  in 
water. 

TH-phmtphiitr  nftime. — This  salt,  according  to  Mr.  Dalton.  m« 
be  formed  hy  adding  pure  phosplinric  arid  to  lime-water,  till  » 
commencement  of  pn'<  ipitation  appears,  when  the  solution  mW 
be  cleared  by  a  drop  or  two  of  acid.    If  the  solution  be  evaporated 


to  dirneii  at  a  moderate  heat,  and  then  dissolved  in  water  again, 
simple  phosphate  of  lime  remains,  and  a  quad  ri- phosphate  exists 
in  tne  solution. 

Qtiaitri-nhotphate  of  lime.' — ^If  100  parts  of  phosphate  of  ILme  be 
dilated  for  24  hours  with  B7  parts  of  sulphuric  acid  diluted  with  a 
■uffirirnt  quantity  of  water,  anil  be  then  fillrrrd,  the  litjuid  which 
passes  through  conialns  the  wholr  of  the  plinsphoric  acid,  with 
only  onc-fnurth  of  tin:  linif  which  cxUicd  in  the  original  salt,  the 
remaining  Jths  having  formi-d  an  insoluble  compound  with  the 
■ulphuric  acid.  The  dissolved  salt  is,  tht-roforc,  a  compound  of  1 
atom  of  lime  ^  38,  +  4  aloms  of  acid  =  112.  When  evaporated* 
it  forms,  on  cooling,  pearly  scales,  which  have  an  acid  taste,  and 
dissolve  readil)-  in  water,  giving  a  solution  of  the  sp.  gr.  t.44. 
When  dried  and  fused  in  a  crucible,  a  irunsipaient  glass  is  obtain- 
ed, commonly  called  glacial  pkotphoric  add,  and  employed  chiefly 
in  the  production  of  phosphorus. 

Octo-pJiOnphate  of  limt, — Mr.  Dalton  is  of  opinion  that  a  com- 
pound of  8  atams  of  acid  and  I  atom  of  lime  is  the  true  result  of 
the  process  dcscrilied  under  the  last  head ;  and  thai  a  compound  of 
as  many  as  12  atoms  of  acid  with  one  of  lime  may  exist,  forming 
a  liodtcapkotpkaU. 

Hudro-i^tfyhrirtt  of  lime  is  obtained  by  transmitting  a  current  of 
suIpTiureted  hydrogen  gas  through  water  in  which  lime  is  kept  me- 
chanically suspended.  It  is  crystallizable,  and  the  crystals  are  co- 
lourless and  readily  soluble  in  water. 

Jfyilrotpireteil  sulphurtt  of  lime  is  formed  whenever  the  sulphuret 
of  calcium  is  dissolved  in  water,  or  by  Ixiiling  together  three  parts 
of  hydrate  of  lime,  one  of  sulphur,  and  ten  of  water.  The  com- 
pound has  a  deep  orange  colour,  and  derives  importance  from  its 
use  as  an  eudiometrical  test.  I'rom  the  experiments  of  Vauquclin, 
it  seems  probable  that  it  is  subject  to  variety  in  its  proportions, 
and  to  corresponding  differences  in  its  properties.  (.\nn.  dc  Chim. 
et  dc  Phys.  vi.  39.1 

Mr.  ICerschcIl,  ny  boiling  3  parts  of  hydrate  of  lime  with  one  of 
sulphur  and  20  of  water,  and  allHwinR  the  solution  to  cool  over  the 
sediment,  obtained  crystals,  which,  when  dried  by  sulphuric  acid 
under  an  exhausted  receiver,  had  the  shape  of  c|uadri1aterul  prisms 
somewhat  elongated,  with  dihedral  summits.  They  dissolvetl  spar- 
in^^ly  in  cold  water;  the  solution  had  the  sp.  gr.  of  1.0105,  was 
yellow,  and  had  an  acrid  sulphurous  taste.  I'he  crystals  are  con- 
stituted of  £  atoms  of  lime,  2  of  sulphur,  -{-  1  of  hydrogen,  (fonn- 
ingbi-sulphureied  hydrogen,)  and  4  of  water.  When  these  crystals 
are  triturated  with  sulphiiii)us  acid,  the  smell  of  the  acid  disap- 
pears, atid  hvpo-sulphite  ofllnie  is  formed. 

Ilypo-nilphiU  of  time. — Hy  passing  a  current  of  aulpharous  acid 
gas  through  a  solution  of  the  hydrogureted  sulphuret  of  lime,  (he 
whole  of  the  acid  gas  is  converted  into  hypo-sulphurous  acid. 
When  this  solution  is  boiled  down  to  a  certain  degne  of  ronsiat- 
eucc,  sulphur  and  sulphite  of  lime  separate  abundantly.  The  solu- 
tion, evaporated  at  a  temperature  not  exceeding  130°  or  at  most 
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140"  Fahr,,  and  filtered  while  hot,  yields  on  cooling  lar^  umI  toj 
beautiful  crystals,  which  afl'«t  k  variety  of  com  plicated  fnrmm. 

These  crystal*  arc  hypo-iulphile  of  lime.  They  are  wy  Milabk 
in  water,  which,  ut  57"  Falu-.  dissolvcx  ncArhr  its  own  weight,  dor- 
ing  wiuch  the  thermometer  falls  to  SI".  The  apecific  frnvity  of 
the  soluiioD,  saturated  at  SO",  is  1.300.  The  crystals  arc  notal- 
tered  by  exposure  to  air  of  the  usual  humidiiyi  but  when  dried  by 
sulphuric  acid  in  vacuo,  or  at  100°  fahr.  in  the  air,  they  beeooM 
covered  with  a  white  cfllorcsrence,  which  dcairoys  their  lusur 
wilhoul  altering  their  figure.  They  are  insoluble  in  alcohol  oTi^ 
gr.  0.833,  which  also  precipUatcs  them  from  their  watery  MlntiH. 
By  iin  analysis  very  carefully  and  skilfully  conducted,  Mr.  Her- 
Kchell  r<}iiBd  them  to  be  composed  of 

Hypo- sulphurous  acid    -     36.71  =  2  =  48 

Lime 21.71  =  1  =  28 

Water 41.58  —  6  =  54 

100.  130 

Or  they  consist  (exclusively  of  water)  of  two  atoms  of  add  will- 
ed with  one  of  base,  the  acid  being  composed  of  oxygen  and  nW 
pbur  atom  to  atom.  (Edinburgh  Phil.  Journ.  i.  17.)  In  stiictaeu, 
therefore,  this  salt  is  a  bin-hyposvJphile. 

Sv^Mie  of  Hme  may  be  obtained  by  passing  a  current  of  m^ibNi- 
roua  acid  through  water  in  which  carbonate  of  lime  is  kept  ine- 
chanically  suspended.     If  the  sulphurous  acid  be  in  excess,  the 
'utior,  when  evaporated,  rrysial- 
:is,  lerminatt'd  by  lon^  six-sidetl 
Lastck'ss,   but  when  kept  in   the 
Ii  i-erjuires  for  solution  about 
to  the  air,    the  surface  uf  ihi: 
(  lime,  and  the  same  conversion 
h  is  constituted  of 


resulting  sail  is  solubli 
lizes  on  cooHng  in  six-sided  pr 
pyramids.  It  is  at  first  alnio) 
mouth  has  a  sulphurous  Havoi 
800  parts  of  water.  Dy  exposu 
crystals  is  chan);ed  inio  sulpliat 
is  rapidly  effected  by  heating  it. 
Acid    .... 


Lir 


Sulphate  of  Lime. 

Sulphate  of  lime  may  be  formed,  by  mixing  the  solutions  of  mu- 
riate of  lime  and  sulphate  of  soda  in  equivalent  r]uan<ilirs,  wash- 
ing the  precipitate  abundantly  with  water,  and  heating  ii  to  dull 
redness  to  expel  the  remaining  water.  It  is  also  found  native,  in 
great  abundance,  under  the  names  of  gypsum,  plaster  of  Paris,  &(- 

It  has  the  following  properties  : 

1.  It  is  insipid  and  free  from  smell. 

2.  It  is  difHcultly  soluble,  requiring  500  limes  its  weight  of  cold 
water,  or  450  of  hot  water. 

3.  It  is  fusible  by  a  moderate  heal.  When  sulphate  of  lime, 
whieh  has  been  dried  at  IGO"  Fahr.,  is  exposed  to  a  low  red  bat. 


SBOT.  nr.  CALCIUM.  501 

100  grains  lose  Sd  according  to  Berzelius,  or  £1  according  to  Bu- 
cholz,  consisting  entirely  of  water.  After  calcination,  it  absorbs 
water,  becomes  not,  and  sets  rapidly. 

4.  It  is  decomposed  by  alkaline  carbonates,  a  double  exchange 
of  principles  ensuing.  Hence  the  milkiness  which  ensues  on  add- 
ing carbonate  of  potassa  to  many  spring  waters ;  the  carbonate  of 
lime,  which  is  generated,  being  less  soluble  than  the  sulphate. 
Hence,  also,  hard  waters,  which  mostly  contain  sulphate  of  lime 
in  solution,  cunllc  soap,  the  alkali  of  which  is  detached  by  the 
sulphuric  acid,  and  the  oil  is  set  at  liberty. 

5.  It  is  decomposed  by  ignition  with  charcoal,  which  separates 
the  oxygen  of  the  sulphuric  acid,  and  leaves  a  combination  of  lime 
with  sulphur. 

By  dissolving  100  grains  of  calcined  sulphate  of  lime  in  boiHng 
distilled  water,  and  adding  muriate  of  barytes,  I  obtained  a  pre- 
cipitate, which,  when  well  washed,  dried,  and  calcined  in  a  low 
red  heat,  weighed  175.9.  Hence  100  parts  of  calcined  sulphate  of 
lime  must  contain  very  nearly. 

Add.  Bale. 

According  to  the  above  experiment      -     -    59       -    41 

Thomson  and  Bcrzclius       -     58       -    42 

Dalton 58.C0  -     41.40 

Its  true  composition  appears  to  be 

Sulphuric  acid     -    -     -     58.42  or  1  atom  =  40 
Lime 41.58  or  1  atom  =  28 


100.  68 

Sulphate  of  lime  is  often  found  in  a  crystallized  form,  and  then 
consists  of 

Sulphate  of  lime    -     -     79.07  or  1  atom    ^  68 
Water 20.93  or  2  atoms  =  18 


100.  86 

Seleniate  of  lime. — Selenic  acid  is  capable  of  uniting  with  lime  in 
two  different  proportions,  forming  a  seleniate  and  a  bi-seleniate ; 
but  these  salts  have  no  particularly  interesting  properties. 

Ferro-cyanate  of  lime, — This  compound,  which  is  useful  as  a  test 
of  iron,  may  i)c  formed  by  adding  powdered  prussian  blue  to  lime- 
water,  till  the  lime  no  longer  alters  paper  stained  with  turmeric. 
If  this  ('fleet  be  still  slightly  produced,  a  little  more  prussian  blue 
may  be  added,  and  the  mixture  boiled  a  short  time  and  filtered. 
The  filtered  liquor  has  a  greenish  yellow  colour,  and  an  unplea- 
sant bitterish  taste.  Its  specific  gravity  is  1.005.  When  evaporat- 
ed, it  yields  small  crystalline  grains,  which  dissolve  sparingly  in 
water,  and  are  insoluble  in  alcohol. 


:J 


SECTION  V. 


Burium  was  obtained  by  Sir  H.  Davjr  by  distilling  iu  uaal|;an, 
wlilch  had  Ix-en  formed  in  the  rollowinR  manner.  A  (juantitjr « 
native  curltoiiatc  of  baryta  was  imde  into  a  pustc  with  water,  lad 
placed  on  a  tray  of  platinum ;  a  caviiy  wus  roadc  in  the  puU  U 
receive  a  globuk  of  mercury,  which  was  rendered  ncKaUtc,  at  tfcc 
same  time  that  thu  platinum  was  made  positive  by  iiK-uni  of  a  Vol- 
taic battery,  containing  about  100  double  plates.  In  a  ihiirt  liinc  , 
an  amalgam  was  formed,  consisting  of  mercury  and  bartam.  TUi 
amalgam  was  introduced  into  a  little  tube  made  of  class,  fntlnm 
lead,  which  was  bent  into  the  shape  of  a  retort,  tncD  SUed  wttb 


,hc  vapour  of  naphtha,  and  hermetically  sealed.     Heat  was  iben 
ipplied  to  the  tube,  till  all  the  mercury  was  driven  ott. 
The  residuum  of  this  distillation  was  a  dark  ^rey  metal,  witk  a 


lustre  inferior  to  that  of  cast  iron.  At  the  ordinary  lemperaiurc  of 
the  air  it  remained  a  solid;  but  became  fluid  at  a  heat  below  rrd* 
ness.  It  did  not  rise  iu  vapour  till  heated  nearly  to  rcdncai*  and 
then  acted  violently  upon  the;  glass. 

When  exposed  to  the  air,  this  substance  rapidly  lamuhed,  aad 
'  fell  into  a  white  powder,  which  was  baryta.  When  this  proceu  wu 
conducted  in  a  small  portion  of  air,  the  oxygen  was  absorbed ;  and 
the  nitrogen  i-emaineJ  unaltered.  A  portion  of  it  thrown  into  water 
acted  upon  It  with  great  violence,  and  sank  to  the  bottom,  produc- 
ing baryta,  and  evolving  hydrogen  gas. 

The  <|uantitiirs  obtained  were  too  minute,  for  an  examination 
cither  of  its  physical  or  chemical  qualities.  It  sanlLrapidly  in  water, 
and  even  in  sulphuric  acid,  though  surrounded  by  globules  of  hy- 
drogen eijual  to  two  or  three  limes  its  volume.  Hence  it  is  probi- 
blc  that  it  cannot  be  less  than  four  or  five  times  as  heavy  as  water. 
It  was  flattened  by  pressure,  but  required  considerable  force  for 
this  effect. 

The  proportion  of  the  components  of  baryta.  Sir  II.  Davy  de- 
duces to  be  89.7  barium  and  10.3  oxygen  per  cent-  The  determina- 
tion of  llei-zelius  nearly  ag^rees  with  this,  ri;., 

Barium       -     -    -     89.52     -     -     -     lOftOO 
Oxygen      -    -    -     10.48    -    -    •      11.69 


Its  true  composition  appears  to  l>c 

Barium      -     -     89.744     or  1  atom     «  70 
Oxygen      -     -     10.256     or  1  atom     a.     fl 

KM).  Wl.  of  its  atom    78 

It  is  necessary,  however,  to  stale,  that  the  exact  equivalent  for 
barium,  and  conseiiuently  for  baryta  and  all  its  salts,  is  a  subject 
of  rontrovcrsy.     Berzelius  contends  for  a  number  on    his  •cale 
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cquivilent  to  68.86  on  that  or  the  hydrogen  scale,  uud  in  this 
country.  Dr.  Thomion  adherei  to  the  number  (70^  given  in  his 
Finit  Principles,  and  the  latter  number  I  shall  continue  to  cmploj 
until  farther  evidence  has  been  produced  of  its  incorrectness.  (See 
Ann.  of  Phil,  Dec.  1828,  March  1829.) 

Baryta  may  be  obtained  for  experimental  purposes  from  the  ni- 
trate  or  carbonate  of  that  carlh,  in  the  manner  which  will  presently 
be  described.    It  exhibits,  when  pure,  the  following  properties : 

1.  Baryta,  in  a  pure  form,  has  a  sharp  caustic  taste;  chan)^ 
vegetable  blue  colours  to  green ;  and  serves  as  the  intermedium  be- 
tween oil  and  water.  In  these  respects,  it  bears  a  strong  resem- 
Uance  to  alkalies. 

S.  When  exposed  to  the  flame  of  the  blow-pipe  on  charcoal*  It 
melts;  boils  violently;  and  forms  small  globules,  which  sink  into 
the  charcoal.  After  being  kept  in  fusion  in  a  crucible  during  ten 
minutes,  it  still,  according  to  Bcrthollet,  contains  9  per  cenL  of 
water;  from  theory  it  should  contain  10.59  per  cent.  This,  how^ 
ever,  is  true  only  of  baryta  which  has  been  obtained  from  the  car- 
bonate by  a  process  to  be  described  hereafter.  Baryta,  procured  by 
decomposing  the  nitrate  of  that  earth,  is  not  fusible,  and  appears 
to  contain  little,  if  any,  water.    (Nich.  Joum.  xxiil  2S1.) 

S.  If  a  small  (juantity  of  water  be  added  to  recently  prepared 
baryta,  it  is  absorbed  with  great  rapidity;  prodigious  heal  is  excit- 
ed ;  and  the  water  is  completely  solidified,  a  sort  of  hard  cement 
being  obtained.  A  little  more  water  converts  this  mass  into  a  light 
bulky  powder;  and,  when  completely  covered  with  water,  the  baryta 
is  dissolved.  Boiling  water  should  be  employed  for  this  purpose  ; 
unless  sufficient  temperature  has  been  produced,  by  the  sudden  ad- 
dition of  the  whole  ([uantity  necessary  for  solution. 

4,  Wlien  the  solution,  prepared  with  boiling  water,  is  allowed  to 
cool  slowly,  it  shoots  into  regular  crystals.  These  have  the  form 
of  flattened  hexagonal  prisms,  having  two  broad  sides,  with  two 
intervening  narrow  oni;sj  and  terminated,  at  each  end,  by  a  ijuad- 
rangular  pyramid.  They  lose,  according  to  Bucholz,  half  their 
weight  of  water  in  a  red  beat;  the  baryta  then  continues  fused,  and 
parts  with  no  more  water,  though  still  combined  with  the  propor- 
tion above  staled.  Mr.  Daltou,  from  his  experiments,  infers  that 
the  crystals  contain  30  baryta  and  ~0  water  per  cenL,  which  would 
make  them  ronslst  of  1  atom  of  baryta  -|-  2(1  atoms  of  water. 

5.  The  crystals  are  so  soluble,  as  to  be  taken  up,  when  heated, 
mci-ely  by  their  own  water  of  crystallization.  When  exposed  to  a 
strong(.'r  heat,  they  swell,  foam,  and  leave  a  dry  white  powder, 
amounting  to  about  A7  parts  from  100  of  the  crystals.  This  again 
combines  with  water  with  great  heat  and  violence.  At  BO"  Fahr. 
an  ounce  mcasun^  of  water  dissolves  only  25  grains  of  the  crystals, 
i.  r.,  they  require  for  solution  \7\  times  their  weight  of  water.  Kx- 
pDsed  to  the  atmosphere,  they  cfiloresre,  and  become  pulvcrulem. 

(>.  When  added  in  spirit  of^wine.  and  hratrd  in  a  spoon  over  a 
lump,  they  rommuniraie  a  yellowish  colour  lo  its  flame. 

r.  The  spcrilic  gravity  of  this  earth,  arcording  to  lourcruy,  is 
4;  but  llasMnf rata  states  it  at  oiilyS.374.     The  former  account, 


I 


or  tIKTAlS. 

however,  in  t]ie  inore  probable.  All  ita  combinaUoBS  bftve  O 

nble  &p(-citic  gravity;  unA  hence  ils  nitme  U  dcrWcd,  viz^IromdiK 

Greek  word  ^i>|)v(i  signifying  heavy. 

8.  Buryta  dues  not  unite  with  any  o(  the  alkatiok 

Peroxide  of  Barittin. 

Barium  haa  been  shown,  by  Gay  Luanac  and  Thcnardi  to  be  ca- 
pable of  uniting  with  an  additional  atom  of  cisygen ;  for  when  Uul 
earth,  prepared  front  the  nitrate, was  ignited  in  oxygen  gu,  Ibe  gu 
was  rapidly  absorbed,  and  a  grey  compound  was  formci).  gtaxcd  oa  ji 
its  outer  surface.  This  compound  m&f  be  called  liruloxiiU  i>r  n^  j 
oxide  of  barium;  and  tt  appears  to  be  constituted  of  t  atum  of  the  I 
mctat  =  "0,  +  2  atoms  of  oxygen  =  16,  together  86.  To  pnptn 
the  pei^xide,  Thenard  recommends  that  the  nitrate  of  bju^ta  be 
ignited  in  a  retort  of  white  porcelain  (one  of  Wedgwood's  wa«  it 
well  adapted  to  the  purpose)  till  oxygen  gas  ceases  to  bcevolnML 
The  piYiduct,  hastily  broken  into  fragments  about  the  size  of  a  baslo- 
nut,  IS  to  be  put  into  a  wcU-lutcd  green  glass  tube,  which  is  to  be 
placed  horizontally  in  a  furnace,  and  healed  to  dull  redness.  \  tmt- 
rent  of  oxygen  gas,  dried  by  having  first  been  paaaed  onr  quck- 
lime,  is  then  to  be  transmitted  through  the  tube,  and  coiiliitt»ed  ua 
or  fifteen  minutes.  The  gas  is  rapidly  absorbed,  and  a  grcyith  while 
sobstance  obtained,  which  is  the  peroxide,  the  compound  cmplo]red 
by  Thenard  in  giving  an  additional  proportion  of  oxyjea  lo  water. 
(See  p. 237.)  Quesneviile,  juii.,  finds  it  sufficient, in  order  luobiaia 
the  peroxide,  to  continue  the  diatilluiiun  of  the  nitrate  ni  n  red 
heat,  till  nitrous  and  azotic  gases  cease  lo  be  evolved,  and  to  with- 
draw the  fire  the  moment  oxygen  j^as  begins  to  come  over.  In  the 
retort,  there  remains  a  deutoxidc  of  Ijuiiutn,  possessing  all  the  dis- 
tinguishing characters  of  that  conipouiid.  (Ann.  de  Lh.  el  de  Ph. 
XXXV.  108.) 

CfUoride  of  Barium. — Muriate  of  Haryla. 

Chloride  of  barium  may  be  formed  by  heating  pure  baryta  in 
chlorine  gas,  each  volume  of  which  disengages  half  a  volume  of 
oxygen  gas  from  that  earth.  Or  whrn  baryta  is  healed  in  niurijtjc 
acid  gas,  the  gas  disapjieais,  and  the  chloride,  which  is  product'd, 
liccomes  rcd-hol.  Ilul,  for  purposes  of  experiment,  this  sail  is  besi 
piTpared  by  dissolving  either  the  artificial  or  native  carbonate  id 
muriatic  acid  much  diluted ;  or,  if  neither  of  these  can  be  had,  the 
sulphurei.  The  Iron  and  lead,  which  are  occasionally  dissolved, 
along  with  ihe  baryta,  may  he  separated  by  the  addition  of  a  small 
quantity  of  liquid  ammonia,  or  liy  lioiJing  :ind  stirring  the  solution 
in  contact  with  a  little  lime;  or,  which  is  still  better,  by  solution  of 
baryta  in  water.  When  filtered  and  evaporated,  the  solution,  which 
contains  muriate  of  baryta  (tioi  chloride  of  barium),  yields  regular 
crystals  of  the  former  salt^  which  have  most  commonly  the  shape 
of  tables,  bevelled  al  Ihe  edges,  or  of  eiglii-sided  pyramids,  «ppliM 
base  to  base.  These  crystals  dissolve  in  live  parts  of  water,  at  60*t 
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or  in  a  still  smaller  quantity  of  boiling  water ;  and  also  in  alcohol. 
They  are  not  altered  by  exposure  to  the  atmosphere.  Sulphuric 
acid  detaches  the  baryta,  and  the  salt  is  also  decomposed  by  alka- 
line carbonates  and  sulphates.  When  the  crystals  arc  exposed  to  a 
red  heat,  they  arc  converted  into  chloride  of  barium. 

Chloride  of  barium  consists  of 

Chlorine   -    -     -     i>4  or  1  atom  =  36 
Barium     -     -     -     (»(>  or  1  atom  =  70 


100  Weight  of^  ^Qg 
its  atom  5 

By  solution  in  water  it  is  converted  into  muriate  of  baryta,  each 
atom  decomposing  1  atom  of  water ;  hi-ncc  36  of  chlorine  unite 
with  ]  of  hydrogen,  and  K  of  oxygrn  with  70  of  barium,  and  we 
have  muriate  of  baryta,  which,  ftifppo.std  anht/druuff^  consists  of 

.  Muriatic  acid     .lilTor  1  atom  =  37 
Baryta      -     -     ('Cfi3  or  1  atom  ==  78 

100.     Weight  of >      jj- 
its  atom  ) 

By  exposing  1*24  grains  of  the  hydrous  crystals  to  a  red  heat, 
they  are  found  to  lose  as  nearly  18  as  possible,  which  on  first  view 
might  appear  to  be  their  water  of  crystallization,  and  to  agree  with 
2  atoms  (0  x  '2),  But  it  must  be  remembered,  that  part  of  this  loss 
is  owing  to  the  conversion  of  the  muriate  into  chloride.  We  arc 
therefore  to  d<*duct  H  (the  oxygen  of  the  baryta)  +  1  (the  hydrogen 
nf  the  muriatic  arid)  together  9,  and  we  have  then  9  for  the  true 
lossof  water,  existing  us  such  in  the  crystallized  muriate  of  baryta, 
which,  under  this  view,  consists  of 

Muriatic  acid  S29.H-4  or  1  atom  ■=  37 
Burvta  -  -  (r2.90  or  1  atom  =  78 
\Vaier       •     -       7.i2(i  or  1  atom  =     9 


100.     Weight  on    J  2^ 
its  atom  ) 


(hioralf  of  bari^ta.'^To  prepare  this  salt,  chlorine  gas  must  be 
recei\cd  into  a  warm  soluiion  of  baryta  in  water,  till  the  barvta  is 
saturated.  Tht!  solution  is  to  be  filtered,  and  boiled  with  phosphate 
of  silver,  which  decomposes  the  common  muriate  of  baryta  only, 
and  at  the  same  time  forms  two  insiduble  salts,  ])hosphate  of  baryta^ 
and  chloride  of  silver.  Vaufjuelin  finils  the  addition  of  acetic  acid 
recommeiidod  by  ('hevenix  objectionable,  and  tliat  the  compounds 
of  chltiric  acid  are  liable*  if  aietic  acid  has  been  employed,  to  de- 
tonate violently  when  heated.  To  judge  whi-n  enough  of  the  plms- 
pbate  of  hilver  has  been  used, add  to  a  pnrti'ju  of  iln'  lili«*re<l  litjuor 
a  few  drups  of  nitrati*  cif  silver,  wbieh,  in  ili.it  ease,  oiu;lit  not  to 
disturb  its  transparency.  If  too  much  phosphate  of  silver  has  been 
used,  a  drop  or  two  of  muriatic  ari'l  will  discover  it,  and,  in  that 
rase,  the  c  autious  addition  must  be  made  of  some  of  the  original 
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»olatioD  set  apart  for  the  purnoie,  to  which  no  phoaphste  of  aOw 
-  bas  been  ud<l«l.  ll  i"  from  sulutioQ  of  chloratcof  bkryU,  thus  eai*- 
fully  prcparetl,  tJint  chloric  acid  ia  ohtwnwl  by  lli«  latcncMMKof 
■ulnhuiic  acifi,  a>  descpibcd  page  loa 

Chlorate:  of  baryta  bsis  th«  fiirra  of  four-sMlcd  priamai  it«  taaK 
ix  pungent  ajid  austere;  Urciiuirea  foraoludon  about  four  tlioniti 
weiglil  of  waliT,  al  50°  Fahraihcjt ;  ami  lU  wJutiuti,  when  pare  i* 
not  nwclpitalcd  cilhcr  hf  nitrate  "f  silver  or  murlalir  add.  _By  « 
red  neat,  it  loses  39  per  ctint.,  and  the  residue  ia  alluluK-  ^  '■ 
calculatioD,  it  ihouls  coiiiiiiki,  besides  water,  of 

t  Mom  of  baryta  ■    -     78    -     •     50.6 
I  atom  of  cUtvric;  ociii   "6    •     •    49.4 

ISi  100. 

foiSiU  of  barium  may  be  formed  by  erupurauoR  and  ignitii^  Ike 
hyilriodatc  of  baryta.  Th<!  hydrogen  of  the  acid  utiles  wiui  tic 
nt^Rcn  at  the  cartti,  aod  the  Imiioc  with  its  metallic  b4K. 

Ifylrio'faie  of  baryta  U  rxtrcmety  Molublc  in  water,  knd  rather  de- 
liquescent. It  crysialUxes  in,  very  amall  prisms  which  arc  dccaft- 
posed  by  mere  exposure  to  the  atmosphere,  into  water,  k  aaJt  wUh 
excess  of  iodine,  and  carbotiaie  of  baryta.  When  i^Uctl  ta  clflM 
vcascis,  it  is  coiiTeried  into  iodide  of  baHum.  It  la  cooktiluled  of 
100  acid  +  60.C2  baryta. 

Jbifitfe  ^baryta  is  an  extremely  insoluble  salt.  Il  mxf  be  lonMd 
by  adding  iodine  to  solution  of  baryta,  from  which  the  lodalt  nre- 
cipitalcs  in  the  state  of  a  white  powder,  and  may  be  cdukoraKfl  by 
washing  with  distilled  water.  When  strongly  heated,  oiygcn  and 
iodine  are  evolved  from  it,  and  baryta  remains.  It  conslM*  of  ItlQ 
acid  +  46.34  base. 

A'ilrtle  of  Baryta. 

''  Nitrate  of  baryta  may  be  prepared  by  dissolving  either  the  arti- 
ficial or  native  carbonate  in  nitric  acid,  diluted  with  &  or  10  parta 
(rf  water.  If  tha  artificial -carbonate  be  employed,  it  should  be  pte- 
viously  well  washed  with  distilled  water,  till  the  washings  cease  (o 
precipitate  nitrate  of  silver.  A  solution  of  nitrate  of  baryta,  mixed 
with  a  drop  or  two  of  nitrate  of  silver,  should  continue  perfiKtIf 
transparent.  On  evaporation,  it  yields  crystals,  the  primary  Com 
of  which  is  a  regular  octahedron,  but  commonly  so  much  &atlcii«<l 
i^  one  direction, that  iheir  relation  to  the  primary  form  is  aot  very 
tfpparcnL  (Sec  Mr.  Drooke's  representation  of  them,  Ann.  of  PhiL 
N.  S.  vii.  21.)  They  contain  no  water  of  crystalliutioD. 

Nitrate  of  Saryta  requires  for  solution  1£  times  its  weight  of 
water  at  60°,  and  3  or  4  parts  of  boiling  water.  It  ia  not  alUr«d  by 
exposure  to  the  air.  In  a  red  heat,  its  acid  ia  decompoKd,  aail  tiM 
earth  remains  pure.  This  furnishes  another  method,  of  procwiiS 
pure  baryta;  but  the  hci^must  not  be  carried  too  far,  oUwrwiMtlN 
Dvyu  is  apt  to  viuify  <nB  the  porcclaiu  crucible  or  reloct.   1)* 
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residue,  on  the  addition  of  water,  dissolves  with  p^reat  heat  and 
noise,  and  the  sohiiion,  on  couling,  yields  crystals  of  pure  baryta. 

Nitrate  of  baryta  consists  of 

Acid.  naic. 

According  to  Clement  and  Ocsormes      -     40  -     6<) 

■      Mr.  Jas.  Thomson  -     -     -     40.7       -    59. 3 
^— ^— ^—  Ucrzelius 41.54     -     58. 4G 

If  a  compound  of  1  atom  of  acid  +   1  atom  of  base,  ii  should 
consist  of 

Baryta 78     -     -     58.94 

Nitric  acid      -    -     -     54     -     -     41.  OG 


1.V2  KM). 

Carbonate  of  lUirifta, 

Pure  baryta  has  a  very  powerful  affmity  for  carbonic  acid,  as  may 
be  shown  by  exposing  a  solution  of  that  earth  in  water  to  the  atmo- 
sphere. It  will  soon  be  covered  with  a  thin  while  pellicle;  which, 
nrhen  broken,  will  full  to  the  bottom  of  the  vessel,  and  be  succeeded 
by  another.  This  may  be  continued  till  the  whole  of  the  baryta  is 
separated.  The  effect  arises  from  the  absorption  of  carl>onic  acid, 
which  forms  with  baryta  a  compound,  ric,  carbonate  of  baryta, 
much  less  soluble  than  the  pure  earth.  Or  if  the  air  from  the  lungs 
be  blown  by  means  of  a  (piill,  or  glass  tube,  through  a  solution  of 
baryta,  the  solution  will  immediately  become  milky,  in  consequence 
of  the  production  of  an  insoluble  carbonate.  The  same  eflVct  will 
be  produced  by  mint^Iing,  with  a  solution  of  pure  baryta,  a  little 
water  impregnated  with  carbonic  acid.  In  this  case,  also,  an  im- 
mediate preripilation  of  caibouatf  of  baryta  will  riisiie. 

ISaryta  has  so  strong  an  aflinily  for  carbonic  a(ijl,as  even  to  take 
it  from  other  bodies.  If  to  a  solution  of  a  small  porlion  of  carl)onate 
of  potassa.  of  soda,  or  of  ammonia,  wi*  add  the  solution  of  baryta, 
the  earth  will  detarh  \.\\v  carbonic  acid  from  the  alkali,  and  will  fall 
down  in  the  state  of  a  carbonate.  By  adding  a  stiirtriL'iit  (piantity 
of  a  solution  of  baryta  in  hot  water,  the  whole  of  ihi:  carlionic  acid 
may  thu:>  be  removed  from  a  <-.arI)unulrd  alkali,  and  the  alkali  will 
remain  perfectly  pure. 

C'arbonalf  of  Iiaryta  has  i!u*  fullowing  p!««])(Tiii-s : 

1,  It  is  iM'arly  insoluble  in  water,  wlucli,  at  tiii  ,  does  not  take  np 
more,  than  -^'^^  part,  or,  when  boiling,  about  ^tou'  "^^  aler  impreg- 
nated with  carbonic  acid  ilissolves  -  '^th. 

2-  Carbonate  of  baryta  is  perfectly  tasii'less,  and  does  not  alter 
vej^etable  blue  colours.   It  acts,  nevrrlheless,  as  a  >iolent  poison. 

.1.  The  conibinatirm  of  carbonic:  uc.id  with  burua  may  either  bf 
produced  arlificially.  in  the  manner  already  desi  filM-d,and  by  other 
pro(  esses,  lo  !)«'  dc^tailed  in  the  se«]uel,  in  whijli  (.ase  it  is  termed 
thf  ifrllftnuJ  nirlKiihilt : — or  it  may  hi:  ])roruT(:d  ready  fornieil  as  a 
natural  product,  aiul  is  then  called  the  ludivi' rarbonnif.  Tht*  largest 
quantity  hitherto  discovered  is  in  a  mine,  now  no  longer  worked,  at 
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Anglezark,  near  Chorliy,  in  Lancanliirc,  Iwl It t«  alio  foUMl  in Kf«>  ftf 

ral  other  places.  —       -J 

The  following  Ubic  iihQWB  IhB  cxprrimcntnl  molu  of  iu  vnljill  ^ 

bjrvarious  chemists:  " 

ATiaI>'si5  of  Mr.  AiWin       -     -     -    -  fll.C'     -     -     ]fl£«  , 

Mr.  Jas.  Thomson  -     -  91.75    .     ^    TSLflJ  | 

Klaproll.  and  tlouc  -    -  -2400    -    r,TlB'^ 

Carbunalc  of  barjta  upni^iirii  tht^n  Iu  be  coiislltulcd  M  t  alB^ oT 

base  and  1  atom  of  acid.  Hence  it  ought  to  consisOaf 

Baryta      -     .    -     .    78     -  -     100 

Carbonic  acid    •     -     28    -  -       28.54 

100  1SS.34 

4.  When  100  grains  of  the  rarbonalt-  arc  dUsolTcd  to  nitric  uM,  ' 
and  precipitated  by  a  sulnhale,  they  afford,  according  to  tTiiiiiKM.  ^ 
11S.6  or  1 19  grains  of  aulphaie  of  baryU^ 

5.  Carbouaic  of  baryta  is  decomposed  by  an  intense  heat;  iu  car* 
banic  acid  being  expelled ;  .nnd  ihc  baryta  remaining  pure.  .The 
arilficiid  carbonate  is  most  n-adily  dccomptncd;  bul  the  nativr  HCiV 
generally  employed  for  obtaining  pure  baryta,  bccauw  it  mar  W     4 
had  at  considerably  less  expense.  The  process,  which  I  hare  fvanA    1 
to  answer  best,  is  nearly  thaiof  Pelletier.  Let  the  native  carboaato     1 
be  powdered,  and  passed  through  a  fine  aieve.    Work  it  «p  wilh      1 
about  an  equal  bulk  of  wheaten  fiour  into  a  ball.  addtBg  a  aitndm 
quantity  of  water.    Fill  a  crucible  of  proper  size,  about  unc-ihinl 

its  height,  with  puwdiTcd  charcoal;  place  the  ball  on  thix;  and  aur- 
round  and  cover  it  with  the  same  powder,  so  as  to  prevtni  li»  t^m. 
ing  into  contact  with  the  sides  of  the  crucihlf,  LuIl'  of!  i  ri.\<T; 
expose  it  for  two  hours  to  ihc^  most  viuiont  heat  Uiai  can  be  taucil 
in  a  wind  furnace.  Let  the  ball  be  removed  when  cold.  On  the  ad- 
dition of  water,  it  will  evolve  freat  heat,  and  the  baryta  will  be  dis- 
l^' solved.  The  filtered  solution,  on  pooling,  will  shoot  into  the  crystab 
already  described,  p.  503. 

6.  Carbonate  of  baryta  is  decomposed  by  the  sulphuric,  nitric, 
muriatic,  and  various  other  acids,  which  detach  the  Cftrbouc  acid, 
and  combine  with  the  earth. 

BoTole  of  baryta  is  an  insoluble  white  powder,  which  has  not  ben 
particularly  esamitied. 

Photphite  of  baryta  may  be  obtained  by  adding  muriate  of  baryta 
to  phosphite  of  ammonia.  No  immediate  precipitation  ensues,  but 
in  24  hours  the  glass  is  covered  with  a  crust  of  phosphite  of  baryta, 
which  may  be  edulcorated  by  water.  According  to  ficrteliui,  it 
'  is  constituted  of  such  proportions,  that  its  true  constitution  is  p«- 
bably  1  atom  of  acid  =  '•iii,  -\-  l  atom  of  base  a  78,  +  1  atom  of 
water  =  9,  and  that  its  equivalent  number  Is  the  sum  o(  th^tf. 
107. 

Hypo^phoiphite  of  baryta  ia  a  very  soluble  salt,  crystalltzable  with 
difficulty.    (Dulong,  Ann.  de  Chim.  et  de  Phys.  ii.  142.) 

PAoiphale  of  ban/la.  Phosphoric  acid  and  baryta  combine  ia  i» 
rioos  proportions. 


I        Tbe  6i%l  ar»tnlMipht»fAalr.i^lianfla  ifrnnunl  liy  intxin|>  hnIu- 
linn«  Drmorikic  "T  faarrU  »)d  phiisphBtr  of  aoda.    Au  Inauiuhlr. 
I  precipitate  U  ulrtunMl,  which,  nhm  eiltttcnralrd  anil  dncil,  contatnn, 
'  ftccbrillnjt  Ui  8crxcUu»t 

fhu«[it>urlc  ncid    •    •    Sl.S    .    .    .     lOUflO 
Bwyu 68.3    -    -    -    SI4.40 

loa 

Bvi  if,  as  ii  probable,  the  phoiphate  comltu  or  1  «lom  of  acid 
-t-  1  Klom  of  buK,  h  ought  to  be  cotnpOMtl  of 

PhoiphoKHH  acid    •    -    -    AC&i    or  I  ciom  b  sS 
Uaryu -    73.38    --1  atom  =  78 

lOa  Atomic  wL  105 
By  disaolrltiit  pboRphatc  of  baryta  In  phosphoric  aciil,  aod  era- 
ponting thr  clear  aolmion.  Boradtui obtained  wblic  cr^Blals  which, 
lad  an  acid  taste,  and  irddcncd  vccc^hlc  blurn.  *rheT  arc  proba- 
Uj  riin«lltu(cd  uf  i  atuttu  of  add  v  Sii  -f-  1  alom  or  base  w  rS| 
toaothcr  134  I  and  maf  Ihcirftnv  b«  cnnaidiTcd  ai  l)ir  l/i'jJieiphtilf, 
wlwa  a  Holutlon  of  llicte  crf  itaU  ■■  pmrvd  into  akuhol,  n  bulkjr 
precipltale  falli,  which  it  « tulc  ind  laildesa.  Ii  appears  to  lie  cuo* 
■Ututcd  of  2  klomi  ofbuM!  and  3  of  acid,  or  ofl  of  the  former  and 
(m>  to  speak)  Ii  of  the  latter,  and  hotw  may  be  called  a  ttiipti- 


Bealdet  ib«  above  comnouitdi,  Berxcllua  has  dr*i:ril>cd  two  sub- 
phoauhalrs  ufbar^ta.    (Aun.  uf  HblL  xv.  377.) 

AtgiAt/c  n^  Imfgta  may  l>c  fomed  lif  mixing  sijiphlie  of  potawa 
and  mariatc  of  haiyla.    An  innoluMc  compnoDd  i*  ronmad  of 

Add 39.H6 too 

Unac rO.M iMl.r 

V 

100. 
Ifyfiihtufyhitttfbanfia  may  Itc  oblnlnrd  by  aililing  muriate  ofba. 
rjta  to  a  conccniraicj  folmion  of  hypo-iulnhile  of  lime.  It  funna 
C  white  shininf  scalf  powilcr,  Kli^htlf  soluble  in  water.  Arrnrdiofr 
to  Mr.  Ilcnchcll,  who  alooe  hnt  described  it,  it  i*  a  compoMiid  of 
9  atoms  of  hypo->uIphumus  nctd  3>  4B,  +  I  atom  of  b«K  =>  76, 
and  its  cfiuivalBtit  uuralicr  ilicfdore  b  ISfl. 

Sh^ate  of  Baryta.  < 

Bu^U  has  s  more  powerful  ifrinit]r  than  anr  other  baae  Tor  sul- 
phuric acidt  and  it*  combination  with  that  acid  may  therefore  be 
dlirctcd  with  (rrat  facility,  eiihrr  by  dropping  the  watery  lolntion 
of  baryta  Utio  diluted  nilphuric  acid,  nr  intn  the  Milutiim  of  any  of 
the  alkaline  nilphate*.  The  oew  cumpuund  ii  rsirctnrly  difficult 
of  Rolallon,  rvqniritig  at  least  43,000  timet  its  w-ij^ln  df  water,  and 
it  i«  not  tcniibly  more  aoluble  in  hot  than  In  cold  water.  In  sut 
pburic  acid,  whoa  concentrated  and  heated.  It  dlaaolKs,  Iwi  ta  aBain 

'—--"■  -BMttl^^'^'—'——  ' — 


It  is  owing  to  these  prapertles  that  bnrjrtti,  and  several  pf  itsMli^ 
arc  to  much  employed  ai  Usta  or  sulphuric  acid,  vid  as  tncans  ■ 
Kp&ratinic  that  acid  from  iu combinatioiib  Dy  roilrcting  tb*, 
cipttau,  brut  well  cdulcoratcil,  then  drying,  i^niiinij,  AOd  wetgkiaK 
it,  und  allowing  3.^.9  per  cuit  of  iu  weight  fur  real  »ulphbnc  ui{| 
wc  Irnm  tlic  quantity  of  actd  in  aajr  sulphate  This  eatimalc  t* 
founded,  liut  only  on  the  thcorcitcal  ooDBtituiton  of  the  uI^  ric^  1 
atom  of  acid  +  1  atom  at  base,  but  on  the  caincid«nca  of  tbi»  with 
tlic  hirst  analyses.  The  fuUuwIni;  Table  cxhibiia  the  exprnoKKUl 
results  of  several  chemists.    Sulphate  of  harylf  COOUuiu, 

CMv.  AMA 

According  to  Klaproth    -    -    -  -  6G.59  ...  3JL-U 

Mr.  A.  AikiD*     -  •  66.04  -     -    '-  33.96 

Mr.  J.  Thomaont  -  G&WJ  -     -    -  M.M 

— . Bcrlholletf      •    ■  -  66.50  -     -     -  33.S0 

Bcrzcliu«$  -    -    -  -  65.39  -     -    .  »UI 

I  hayc  already  alluded  (page  505)  to  the  dlscordanl  ■tktaiiat& 
Involving  the  composilion  of  thut  sulphuic,  bv  Drt.  ThomMA  ukI 
Berzelius.  It  is  a  suliject  which  ouf;ht  not  toM  left  indoabLd^cA 
It  affects  every  analysis  tn  wbieh  sulphuric  acid  is  cuoceriMaj'toEl 
till  the  question  is  settled  bf  a  decisiTC  appeal  to  i  ipi  ijiiiri^  i 
shall  retain  the  following  proportional  nombcrs: 

Baryta,  1  atom    -         -    78    -    •    or  GG.IO 
— ^  Sulphuric  acid,  1  Ktom  -    40    -   '.-orSJJM 

Weight  of  its  atom  •     IIB  IW. 

-  .  Sulphate  of  baryta  is  decomposed  Iiy  alkuHnc  urticBsic:^  either 
by  igniting  a  mixture  of  1  part  of  the  finely  powdered  sulphate  with 
3  of  carbonate  of  potassa  or  soda,  or  by  boiling  logctber  the  pul- 
verized sulphate  and  a  solution  of  carboiialr  of  nfllaMi-  R"pecun  j 
this  decomposition  some  t^rious  facts  have  i>e«i  ascrrtuaed  hr 
Dulong  and  by  Mr.  R.  I'hRlips.  Those  have  been  alrendy  staled 
in  the  chapter  on  Chemical  Affinity  (p.  7-J>  They  abow  Uui  bo 
quantity  of  carbonate  of  potassa,  or  soda,  that  can  be  cnployrd  at 

ka  single  operation,  is  adequate  to  (he  entire  decomporilioa  of  the 
sulphate  of  baryla.    Uut  by  this  process  carbonate  of  baryta  may> 
nevertheless,  he  procured  in  sufficient  quantity  for  Uw  pnrpoM  of    ' 
preparing  the  pure  catlh,  and  iis  various  salts,  when  the  Batife 
cariwiiale  caiiii-i  b>-  bad  in  siifficicni  :il.ii tul ;uK-e.    The  >uIpbBi:<  " 

it  is  known  by  the  names 
ive  sulphate  is  extremely 
II  occurs  either  in  amor- 
ty  of  forms,  its  primitive 
„  „  mgks  of  which  are  101°  «* 

and  '8°  Ifi'.  When  appliid  to  the  purpow;  of  obtaining  the  carboB- 
ale  of  baryla,  It  is  tu  be  finely  pu»iicred,  mixed  with  three  orfbw 
limes  its  weight  of  carbonate  of  potassa,  and  boiled  with  a  pnpcr 
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shire  and  oth.^i'  j.arls  of  Engla 

nd,  where 

of  caivk,  piJiicU'iuiis  6par,  kc. 

The  iiat 

heavy,  havin,!^  the  spL'cllic  grav 

ij  of  j.r. 

phous  masses,  or  c;yslaHi/i:d 
ni^urc  bcinfr  a  rhomboiclal  oris 

m,  (he  an(. 

quantity  of  water  for  a  considerable  time,  in  an  ironketllc.  ittirring 
it,  and  brcaUinfr  dawn  the  hard  lumps,  intu  whicli  ii  is  apt  to  iiin, 
by  an  irun  jifatli:.  It  is  then  to  lie  washed  with  Ixiilini;  water  as  luii); 
as  lliii  aniuii'es  any  tiiste.  On  the  addition  of  dilute  muriatic  acid, 
an  elfervcscenre  will  etiiiue,  ami  a  considerable  jiorlion  of  ihe  earth, 
prohalily  slon;;  with  some  metals,  will  bn  dissolved.  To  the  satu- 
rated solution  add  suliitiun  oT  pure  baryta  in  water,  as  lon|f  as  it 
disturbs  the  iranspartnryof  the  liquor.  This  will  throw  down  any 
mctaU  that  may  Ix;  jtrt'sent;  and  tlic  excess  uf  baryta  may  after* 
wards  be  precipitated  in  the  state  of  a  carbonate,  by  a  stream  of 
carbriiiic  acid.  Decompose  tbc  muriatic  nohition  by  a  pure  alkaline 
carl)'mali' 1  let  the  precipitated  earth  be  well  washed  with  distilled 
water ;  and.  if  Uic  pure  baryta  is  to  be  obtained  from  it,  let  it  be 
treated  as  directed  page  SHU. 

Siilphaie  gf  baryta  is  also  decumpused  when  strnuKly  i)jnitcd 
wiih  [wwilered  chjri:ijal,  which  alisiracts  the  oxyum  it\'  iln'  li;iryia 
and  sulphuric  acid,  and  leaves  a  runibiiiaiion  of  sutphur  ui:il  imrium. 
From  this  the  baryta  may  be  obtuin<  d  by  niuriuiic  acid,  us  already 
directed,  and  tbe  muriatic  suluiiun  may  be  dccuniiiused  by  curbuu- 
atc  of  potassa. 

The  sulphate  of  baryta,  whin  heated  alniiK  wiib  charrdal,  alfiirds 
ime  variety  uf  solnr  phospborUM.  This  pbu^iilKinis  ha^  '•■i:n  called, 
from  the  place  where  ihe  sulpliaie  is  found  Iroin  Hhirb  ii  luis  first 
prepared,  thi'  Hoh^itltni  ii/io^jiln'rn^.     The  tiatiicMiljihalr.  piiwibr 


ed  after  beiiij;  ir^uited,  and  finely  sifU'd,  is  n,  b.-  loi 

■iiied  into  a  ]iasle 

with  muril:.!,','  uf  !;nm  arabie,  and  dii  id.'d  inio  cv 

liniliTs  or  pieces 

of  one-fourth  of  an  inch  in  tliickii.-ss.    These,  at'i. 

.T  beiri;;  dried  in 

a  moderate  hi-al,  ai-e  to  be  exposed  tfi  tbe  lempr 

ratiircof  a  vlnd 

furnace,  placed  in  tin'  midst  of  il»;  charcoal.     Win 

11  the  fuel  is  half 

roiisiimed,  it  must  be  i-i']ileiiishcd.  and   siifTciVfl  V 

.  bun.  OKI.    The 

pieces  will  be  linmil  rcUiitiins;  Ibeir  <Jri;;iriiil  sluip.'' 

^  amoni;  the:i.,li- 

es.  fcoin  which  ilicy  may  lie  se]iaraletl  by  the  Masl 

.  ofa  pLirofhel- 

lows.     'Hirv  musx  iic  pri'Scrverl  in  a  wel'l-sl'ipjied 

pbiaL 

This  kiu.i  ..f  pbus|.l,orus.  ali.T  bcii.i;  c^l...M■d  ; 

1  few  nnnules  to 

the  sun's  rays.  nIiIik's  in  tin:  dark   sEifl'it  ienlty  tn   r 

eii.!er\isiMe  llie. 

dial  of  a  walcb.      This   piM]>erty  is  luM  by  cpe;. 

!id  use.  bin  may 

Ill'   ivsl..!-i.l   ljy  a  sci(i!if!  cah  iiia'tion.      h  is  ],rnba 

Me  lb:U  a  parlial 

deroin|)o-ili.,u  of  [be  s;i|j>li..t''   lakes  phi<i',  ;:!.■!   \ 

bat  !.ul;ibiiiTl  of 

iiiU'l  iraii-)i;iivnt  i-rainv.  and  is  solii'jh' 


''•  If- •/iiiiiil'  !■/'  /iiiri/ra  mav  lie  formwl  bv  :iddin^  pMissian  blue 
1  bealVd  solii'iioti  of  barvu  in  water,  till  it  ceases  to  be  disco- 
red.  Tbe  fihercil  vduiiuii  ilcposiis  Yellowish  cryslals,  which 
■e  tbe  riKiintofrhoinbi.iiial  prisms,  anil  are  soluble  in  H'Od  parts 
'old.  or  UN)  parts  of  boilinf;  water.  Tbey  dissolve  in  nitiir  and 
riaiic  arids.  Mr.   I'wrictt,  who  lias  analyzed  tliein,  stales  them 


OF  HirrAU. 

Acid 54.31 

Bue -    4<l.  lU 

Water 16.39 

10O. 


SECTION  VI. 
Of  Strontimi. 

StroQttum  may  be  procuKrtl  by  exacti)-  ihc  same  procesn  u  bknKta, 
substhuliii);  the  native  caHionalt.-  nT  ali-oniU  for  ttiat  uf  barjii. 
(See  p.  50'3.J  !i  was  Erst  olitaioi^il  by  Sir  H.  Davy  in  isris,  bur  ia 
very  minute  iiuuiiiiiie^.  It  resembles  barium,  hu  nut  a  rerf  high  | 
lustre,  i»  dilTictilll)-  fusible,  and  not  volslile.  It  is  cnaveflBd  iatA 
stroiitiit  by  espoaure  to  &ir,  or  by  contact  witli  wMcr. 


Slrontia. 


According  to  Stromeyer,  100  of  strontium  combine  witb  1&  W 
oroxyveu,  which  numbers  are  in  the  proporljoii  very  neariy  t^  M 
lo  8.  Or.  Thomson,  Tram  hU  expenncais,  daduCCT  0.5  far  tte 
weig-htuf  the  atom  arstronlia,oxy^ti  beiiitr  1,  CDrrcspoa<IiDg  wiih 
53  when  hydrogen  is  tukeii  as  unity;  and  from  this,  ijeduciiiij;  8, 
we  again  obtain  4-1  for  tlie  atom  of  strontium.  ^Viih  !his  mult, 
that  of  Berzi'lius  agrees  so  iii-arly,  that  it  will  probably  be  near  ibe 
truth  to  consider  stronlia  as  represented  by  5-^  and  iti  base  by  44. 
Hence  strontia  will  consist  of 

Strontium 

Oxygen 


Propertiea  of  Strontia. 

Slrontia  fso  called  from  Strontian,  in  Scotland,  where  it  wu 
first  discovered  in  combination  with  carbonic  acid)  may  be  prepar- 
ed either  by  subjecting  the  carbonate  to  a  sti^ng  heat  in  a  cntci- 
ble,  or  by  igniting  the  nitrate  in  a  porcelain  retort  or  other  close 
vessel.  A  grey  substance  remains,  which  becomes  very  hot  on  ibe 
affusion  of  water;  and  when  more  water  is  added,  and  heat  appli- 
ed, a  considerable  proportion  of  the  earth  is  dissolved.  On  cool- 
ing, the  solution  deposits  regular  crystals;  but  the  shape  of  tbeic 
differs  considerably  from  that  of  barytic  crystals.  The  cryitilt 
of  slrontia  arc  thin  quadrant^ular  plates,  sometimes  square,  oftcscf 

Earallelograms ;  not  exceeding  in  length,  and  not  reaching  ia 
readth,a  quarter  of  an  inch.  Their  primary  form  ia  a  right  aqiuR 
prism.  (See  Mr.  Brooke's  figure,  Ann.  of  Phil.  N.  S.  viL  S87.) 


'^iS&'> 


.i»    .. 
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These  crystftts  undergo,  by  the  action  of  heat,  much  the  same 
changes  as  those  of  baryta;  and  leave  only  about  33  per  crnC.  of  the 
dry  earth.  One  part  of  the  crystals  requires  about  51i  of  water  at 
the  temperature  of  Gd"  for  aolution,  but  boiling  water  takes  up  half 
its  weight.  Mr.  Daltou  slates  thut  the  crystals  consist  of  1  atom 
of  strontia  and  13  atoms  of  water. 

Boiling  alcohol,  iti  which  these  crystals  have  been  dissolved, 
bums  with  a  blood-red  flame. 

Strontia  does  not  combine  with  alkalies.  Baryta  has,  probably, 
no  afFiniiy  for  it ;  for  no  precipitation  ensues,  on  mixing  Out  watery 
solutions  of  the  two  earths. 

Trom  the  preceding  enumeration  of  its  characters,  it  appears 
that  stroniia  (IllTers  from  baryta  in  the  form  of  its  crystals,  which 
contain  also  more  combined  water,  and  are  less  soluble  than  those 
of  baryta;  ami  also  in  affording,  with  alcohol,  a  tlame  of  different 
colour.  These  distinctions  were  derived  by  Dr.  Il()])e,  from  his 
excellent  scries  uf  experiments  on  the  two  earths.  (Ediub.  Trans. 
vol.  iv.)  It  is  remarked,  also,  by  l-'ontencllc  and  Quesncville,  that 
on  tddiug  u  few  drops  of  concentrated  sulphuric  acid  tu  baryta, 
that  oxide  v^hibils  a  vivid  incandescence,  and  the  vessel  in  which 
the  experiment  is  made  is  broken,  while  with  sti-oniia  similarly 
treatetl  a  much  less  degree  of  heal  is  excited,  (.ir  Ann.  <le  Ch.  et 
de  Ph.  2^3.)  Other  circumstances  of  distinction,  derived  from  the 
properties  of  their  respective  salts,  will  be  stated  hereafter. 

Chloride  of  ilromium  may  be  formed  either  by  heating  strontia 
in  chlorine  gas,  which  disengages  oxygen ;  or  by  dissolving  carbo- 
nate of  strontia  in  muriatic  acid,  and  evaporating  to  dr>-ness.  The 
product  is  a  compound,  according  to  Dr.  Thomson,  of  5S  strontium 
to  45  chlorine,  which  are  aa  nearly  as  possible  in  the  proportion 
of  44  to  r>li,  numbers  agreeing  with  the  weights  of  their  respective 
atoms.  When  the  chloride  is  converted  into  a  muriate  by  the  ac- 
tion  of  water,  the  resulting  compound  must,  therefore,  consist  of 
5C  stroniia  +  1)7  acid,  llence  we  have  the  composition  of  these 
iwo  salts  as  follows: 

Chloride  of  strontium, 

Stroniiuni      5.»    -     -     or  1  atom     •     44 
Chlorine  ■     45     •     -     or  1  atom     -    SG 

lUO      Weightof  its  atom  80 

Ami  muriate  of  strontia,  (anhydrous)  of 

Sti-ontia    58.4^1     -     -     or  I  atom     -    52 
Acid    -     4I.,i8     -    -     or  1  atom     -     37 

lua  Weight  of  its  atom  89 

Afiiriatr  of  ulronltii  crystallizes  in  long  slender  hexagonal  prisms, 
which  are  si>luble  in  I  wo  pans  of  water  al  fH)',  and  to  almost  any 
amount  in  boiling  water.  In  a  very  moist  uiniosphere,  they  deli- 
quiate.  They  dissolve  in  alcohol,  and  impart  to  it  the  property  of 
burning  with  a  blood-red  flame.  By  exposure  to  a  red  heat,  l.M 
gr:uus  of  these  crystals  lose  54  ;  but  of  this  loss  0  grains  may  be 
Vol.  1.  3  T 


iraccd  to  ihc  union  i>r  I  atom  (—  6)  of  oxygrD  witb  \  atom  (••  1) 
uf  hydrdgro,  l>y  which  the  niurUtc  i»  cowvcrltd  into  a  cUorUc 
TtW!  rtTnainder,  .H  — ^  —W.  sliow*  the  real  loss  of  water  aiitnp 
M  such  in  the  crr«tal»,  which  arc  therefore  constituicd  of 
Anhrdroiu  muriaie  -    0t).4ior  I  atom    90 
Water 33.38  w  5  atom »  4J 


Chloratt  ofltnntia  may  be  obtained  by  the  direct  action  of  ehlo- 
ric  add  on  ca^onatt^  of  Htronlia.  It  i^i  a  tl el i querent  latt,  ln*iitf 
'an  astringent  lusie,  and  cummumciiling  to  the  flame  of  alcoKol  a 
faic  purple  lint. 

liydnoda/e  (if 'froniia  is  extremely  soluble,  and  cryatatlixca  U  rery 
■lender prisms.  Ileaud  a  little  brlow  redneK  in  a  eJo«e  TeMd,it 
is  trnnskirmed  into  ioduk  of  tlrwiliuni. 

Jodate  of»trOfUia  is  an  insoluble  compound,  requiring  tuoir  him- 
drcd  parts  of  water  for  iiotution.  At  a  red  heat  it  \%  di!i:>]cnpi:icif 
into  oxygen,  iodinei  and  Blrontia. 

fiHrate  of  ttrontia- — Thii  salt  maybe  obtatnei)  in  tlv  ^imcDMa- 
ner  as  the  nilralc  of  baryta.     Itv  crysiaU  art  diisoi.ed  % 
own  weight  of  water  at  60",  or  by  little  moix  than  half  the'"' 
of  boiling  water.  When  applied  to  the  wick  of  a  candle, 
to  boiling  alcohol,  they  communicate  to  the  Same  a  deep  Ui 
colour.    They  are  decomposed  by  a  high  temperature,  aad 

pure  stroniia.     Exclusive  of  water,  the  sal!   l■•^ll^^^:■. Toting  to 

Richler,or51.4  acid  +  48.6  base;   or.  a(  r  ■  .,r.  of 

50.62  acid  +  -19.38  base,  proportions  a(;n.L.iig  nim  ihc  weigfttj 
of  the  atoms  of  its  ingredients.  The  forms  of  the  crystals  of  this 
salt,  and  also  of  another  variety  which  is  anhydrous,  have  been 
given  by  Mr.  Brooke  (Ann.  of  Phil.  N.  S.  lii.  288>  In  both,  the 
acid  and  base  appear,  from  the  analysis  of  Mr.  Cooper,  to  be  unit- 
ed atom  to  atom,  but  the  water  assigned  to  the  hydrous  variety  is 
not  in  atomic  proportion- 

Carbonate  of  atronlia. — The  relation  of  sirontia  to  carbonic  acid 
resembles  very  nearly  that  of  baryta;  and  all  the  experiments, di- 
rected to  he  made  with  the  solution  of  the  latter  earth,  may  be  re- 
peated with  that  of  stroniia,  which  will  exhibit  similar  appearances. 

The  carbonate  of  stroniia  retjuires  for  solution  1536  parts  of  boil- 
ing water.  It  is  found  native,  but  containing  a  little  carbonate  of 
lime,  at  Strontian,  in  Argylcshirc  (  and  may,  also,  be  prepared  by 
artificial  processes,  which  will  be  afterwards  described.  From  this 
carbonate  pure  stroniia  may  be  obtained,  by  treating  it  in  the  same 
manner  as  was  directed  for  the  calcination  of  carbonate  oT  baryta, 
(See  p.  308.) 

The  artificial  carbonate,  according  to  Stromcyer,  (Ann.de  Chim. 
etde  Phys.  iii.  396,)  docs  not  essentially  contain  any  water.    It 


consists  of 


Stroniia     -     -     -     -     70.313 
Carbonic  acid    -    -    29.687 
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These  scarcely  difTer  from  its  theoretical  proportions;'  viz.,  1 
atom  of  strautia  b  52  -{-  1  atom  of  carbonic  acid  ^  22,  together 
74  i  or  r0.i»  +  90.91  ■.  100; 

Unrale  of  ttronlin  is  described  by  Dr.  Hope  as  a  white  powder, 
soluble  in  about  \i\i  parts  of  boiling  water,  and  changing;  syrup  of 
violets  to  green. 

Photphitr  of  ulroniiii  bns  not  been  examined. 

Hj/jio^hiiHphitc  of  xlrmitiii  is  a  very  soluble  salt,  which  is  with 
difficulty  made  lo  crvhiulli^'. 

Pluutpkalc  if  ttronlin  may  be  formed  by  mixinj;  lolulioni  of  mu' 
rime  of  slruntia  and  phosphate  of  soda.  It  is  taslelcss,  insoluble 
in  water,  but  soluble  in  ati  excesx  of  phosphoric  acid ;  fusible  by 
the  blow'pipu  into  a  while  enamel ;  and  decomposable  only  by  sul- 
phuric acid.   It  consists,  according  to  Stromcyer,  of 

Acid 5C1.5G5 

Base 03.435 


If  a  true  binary  compound,  it  should  consist  of  very  nearly  05 
base  -(-  S5  acid.  Besides  this  salt,  there  is  also  a  lii-phoiip/uttt,  con- 
sisting of  -  alums  of  arid,  I  of  liasr,  and  2  of  water, 

Sulphtirtt  of  Klroul'utm  may  he  ibi-mfii  either  by  fualnj;  in  a  green 
(■lass  lubr  ihrei!  pails  of  dry  sUontia  with  one  uf  sulphur,  or  by 
sli-[in;;ly  i!;nititi);  the  sulphate  with  one-si:veiilb  iir  one-eighth  its 
wcit,'hl  ofibarriial.  Ity  siiluiiim  it  is  converted  into  hydru-sulphu- 
rei  and  liydmi^ureled  sulphuret  uf  siroiilia.  These  are  separable 
from  ear]i  other,  if  the  solulloii  be  evaporated  with  the  exclusion 
of  air;  fur  the  hyilro-sulphurei  forms  tryslais  which  have  a  while 
silky  lustre,  while  the  hyilrn^ureicd  sulphurel  remains  in  solution. 

Suliibilr  iftlroiillit  is  nut  known. 

IIi/]u>-Miliiliilr  of  alromiir. — Mr.  ller.sdiell  formed  this  salt  by  pass- 
ing a  enrreni  of  sulphiinius  acid  throiiijh  liydroguiTled  sulphurct 
of  strontia.  It  has  a  hiilcr  taste ;  dissoKes  in  about  l.t  limei  its 
vreif{hti>r  water;  is  insoluble  in  ^ilcoliol ;  dissolves  ehliiride  of  silver 
with  great  facility;  and  when  heated  prr  ac  becomes  while,  and 
then  burns  with  a' faint  Hume. 

Niil/i/ialt  uf  utront'iit. — This  salt  resembles  very  nearly  i\w.  sulphate 
uf  baryta.  It  may  be  formed  in  a  similar  manner,  by  pouring  a 
solution  of  the  pure  earib  into  diliiied  sulphuric  acid,  or  into  the 
solution  of  an  alkaline  siilpliale;  for  strontia  lias  a  s(ron)^-r  affinity 
than  any  of  the  alkalies  for  sulphuric  .icid.  It  is  soluble  in  S8.-1(J 
parts  of  boiling  water. 

The  snl|)!i:ile  of  stronlia  is  also  found  native  in  ronsidi-rable  (pian- 
lities;  ihielly  al  Ausl  I'^ssa^'e,  and  at  other  places  in  llie  niigli- 
Iraurliood  of  Ilrislol.  As  thu  native  rarbonato  is  rather  scarce,  this 
compound  may  bi-  advantageously  employed  for  pnjcuring  artificial 
carbonate  uf  sironlia.  The  process  is  precisely  similar  to  that  al- 
ready described  for  decomposing  the  sulphate  of  baryta. 

According  to  a.  considerable  majority  of  the  chemists  who  hare 
analyzed  it,  sulphate  of  strontia  consists  of 


Acid    • 


From  thMe  numbers  'us  equivalent  has  been  deikccii  bj  Dr.  WoJ- 
Uxton.  But  VaUQiiclin  tins  suttd,  (hut  it  Is  compo&cd  of  46  uU 
mil]  54  bft»c,  anrf  Stronu-yer  of  43  acid  and  37  bwr.  THe  ibeat^- 
cal  ronstituiion  of  1  atuni  of  acid  +  1  of  ba*e,  woulib  req«ire  it  ft> 
cuniist  of -13.47  acid  +  56.53  bwc. 

Sflentate ^ »irrml\a.~-Tbt  neutni sfltniaie  Is  white  «ni)  {BKAablct 
the  M.*«tcniale  diKsolvi-s  with  diflncuity  even  at  a,  Imiling  tmpcn- 
luro. 

Frrrti-cyinxitteof  ttrontia'ii  a  salt  which  dissolrn  \n  less  tbaa  foar 
parts  of  culd  water,  but  haa  Dot  been  made  lo  crrstslUac  It  i»M( 
deliiiuc 


SECTION  VIL 

Of  Magnerium. 


aitrnqi«a| 


Tie  bate  ofmagnrsia,  for  ivliich  Sir  H.  Davy  has  pm 
term  nwg7K«t(wi,  is  very  imperfectly  known.  In  the  ai 
distil  its  amalgams,  the  metal  apomed  to  act  upon  the  {;Uiv  e 
before  the  whole  of  the  (jiiicksilvcr  was  disiillL-d  from  i!.  In  oae 
experiment,  in  which  the  process  was  slopped  before  the  mercury 
was  entirely  driven  off,  it  appeared  as  a  solid,  having  (he  same 
whiteness  and  lustre  as  the  utliur  metals  of  the  earths.  It  sank 
rapidly  in  water,  tliough  surrounded  liy  globules  of  gas  and  pro- 
duced magTiesia.  In  the  air  it  (|uickly  changed,  falling  into  a  white 
powder,  which  proved  to  be  maf^ncsia.  This  eanh  Berzclius  states, 
in  round  numbers,  lo  consist  of  38  or  39  per  cent,  oxygen,  and  61 
or  68  magnesium.  This  would  make  the  weight  of  its  atom  15.5, 
and  that  of  magnesia  33.3.  Dr.  Thomson's  experiments  (Ann.  of 
Phil.  N.  S.  vol.  i.  p.  5}  give  20  for  the  equivalent  of  magnesia,  from 
which,  if  8  be  subtracted,  there  results  12  for  the  atom  of  magne- 
sium. Perhaps  it  will  be  sufficiently  near  the  truth  to  consider  ii 
as  represented  by  that  number. 

Mapiesia. 

Magnesia  possesses  the  properties  of  an  alkali,  but  in  a  conii- 
derably  less  degree  than  any  of  the  foregoing  earths.  Its  charat- 
ters  are  as  follow  : 

When  perfectly  pure,  it  is  entirely  destitute  of  taste  and  smelL 
Its  specific  gravity  is  between  2  and  3. 

No  heat  is  excited  by  the  affusion  of  water,  and  only  a  very  small 
proportion  is  dissolved,  not  exceeding  l-5I42d  of  its  wciuht  at  GO', 
or  l-36000lh  at  212%  according  to  Dr.  Fyfe's  cxperime^a.  Mi^ 
nesia  appears,  however,  to  have  an  affinity  for  water ;  for  wbea  BO»t- 
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rncd,  ami  afterwards  rirird,  its  weight  is  found  incrrascd  in  the 
Iiroportirin  ol'  1  IK  to  ItiO. 

When  precipitated  siso  by  pure  potassa  or  soda  fi-nm  any  of  its 
sails,  it  fulls  down  in  union  with  water  as  a  kt/ilrale,  which,  when 
di-icd  l)y  a  very  gentle  heat,  forms  transparent  musHcs.  In  this  slate, 
necDrilin^  to  Davy,  it  contains  about -^  of  iis  weight  of  water;  bu^ 
ai:con)tng  to  Itei/iliiis,  UK)  parts  of  magnesia  combine  with  142 
to  I4-]  111'  waicr.  None  of  tliesc  proportions  exactly  agree  wilh  the 
nloniic  wiij,'his  ui'  walir  :ind  niaf;nesia;  though  the  nuinltcrs  of 
lIiTxeliiiH  up|i)'oach  vciy  nearly  to  those  of  a  efimpiiund  of  3  atoms 
of  wattr  (IT)  w'nh  <>n>-  of  nKi)«ncsia  (3f)).  It  is  probable,  indeed, 
that  n>aj;rn:sin  and  waUr  uniie  in  several  propartionn.  The  native 
livdrui.-,  analv/iil  bv  Dr.  I'vfe.  iimtained  011,73  base  +  S0.£5  water. 
(Aim.  of  I'hil.  N.  S.  i.  r.DU)  If  these  numbers  be  altered  to  08.3  of 
the  foi-nicr  +  .*>!..>  ui'  the  huur,  they  will  agree  exactly  with  the 
pi-o  port  inn  of  1  uiom  of  niai^tu'sia  lu  I  atom  of  water,  constituting 
the  prtilo-hffdralr. 

Magne.sia  reildcns  turmcrii-,  ami  cbange.s  to  green  the  blue  colour 
of  the  V  lull -t ;  bill  water  whicli  luis  Iwcii  ai^itated  willi  ina^csia. 
when  filten-d  thrmit^h  pa]»'r,  <li)es  mH  pivuluce  ainiilar  liiirts.  In 
these  resiieds  niat^ncsiadilVi'rs  I'l-iim  lime,  and  appni.u  Iick  lu  those 
earths  which  are  .Irsilii.ir  ..fd.-.i.l.-.llv  alkaline  qualiiiis. 

Magnesia  is  not  <li^srj]v>'>I  l>v  Hi|uicl  alkalies,  iKir  l>v  ulkaline  eartllN; 
an.l,  in  the  iliy   way.  it  lias  w>  alUnity  fur  luiryia  ur  .sin.mia. 

M:i[;nL'sia  is  Iiy  no  means  a  rare  prmhiiliiiiMif  iiatun-,  furtliough 
very  selilnni  found  in  a  slate  apprnachint;  i'>  purity,  yet  it  enters 
larr;<-ly  iiit^i  miiiii-  lork.i  that  coiiipiisL'  cMi'nsiic  I'di'matiuns,  such 
us  si'r|ii'tiliiii',  MeaiiTi',  iiiagne.sian  linic-siiinr.  i<r.  ;  and  in  I'ombina' 
tirin  wilh  xuljiliLii'ii-  ami  iiuiriatii'  aiiils  il  furnis  a  Ini'ge  |)i'Opnrtion 
of  tlie  iiiu-JL-ciirnls  iif  si'a  siatiT.  Its  pi-ineipal  use  is  in  medieine, 
fur  hitherto  il  has  not  been  e.\lensively  a]ij)lied  to  any  of  ihe  practi- 
cal arts. 

Chloriik  of  miipiruum  may  be  lurmi d  by  beating  puiv  magnesia 
in  ehlorine  gas.     Tliis  com|>iiund  is  liiiii'  knuun. 

C/ihriili  iij'  iiiatfiii niu  may  be  prepawl  by  passing  chlorine  gas 
into  water,  in  which  ma^iiesia  is  kept  merbanically  suspendi'd.  or 
by  tbi-  mixture  of  s'llulions  of  rhluLliU-nf  lime  aiid  sulphate  uf  mag- 
nesia. It  lias  mil  yi't  been  aceuialt-ly  iiivesliguled.  Il  has  been 
used  with  advantage  in  Eionie  of  the  pruces^es  of  bleaching  and  call- 

t'lihiriili  ••/' 1,111  s>ii •■!'(  is  alsi)  little  known. 

M'lfiiili  if  iiii'uiii  .<l,i  is  a  deliipiesei-iil  and  very  soluble  sail,  of  an 
intenselv  biiiLT  tasii,  soluble  in  alcohol.  It  forms  regular  crystals, 
whieh  .■.insist  of 

.Mutiaiic  acid  -  -  -  .ir,.2r  or  1  atom  =.17 
Magnesia  ....  Ill.t'ti)  .ir  1  atom  =W 
Water 44.  i,J  or  ;T  atoms  =  45 


This  salt  eannnl  be  reduced  to  chloride  of  magnesium  by  heat, 
fur  ilie  elle.l  of  heating  It  sliimgiy  i'-  lo  expel  a  part  of  ihe  acid. 


Stnmtk 38 


ViB 


From  these  numbiTxilscquivLilenthikBbeai  deduced  by  Dr.1  __ 
laston.    But  Vauqucliu  has.  stated,  that  it  is  composed  of  4fiaEU  ' 
and  54  base,  and  otromcycr  of  43  acid  «nd  5T  hate.     The  tlMdrMJ- 
cal  constitution  of  t  atom  of  acid  +  I  ^r  base,  wauli^ruiviR  it  tn 
consist  or43-<tr  acid  +  56.33  b&ic. 

Stleniatt  tf  ttlrnntia.—T^  ncutrtd »tUniate  is  while  and  Eimhi^lq 
the  bi-teieDiute  dissolves  with  difficiilty  cvfn  at  &  Imiling  ii 


J-'frro-n/anatenf  tlrotitia  ia  u  salt  which  dissolves  in  leu  IbasfMr 
parts  or  cold  water,  but  hu  not  been  made  to  cryaiaUbte.   IiHmC 

deltlJUCSCCHL 


SECTION  VU. 


OfMagnemim. 


TV  base  of  magnesia,  for  which  Sir  II.  Davy  has  prop* 
term  magnerittm,  is  very  imperfectly  known.    '      ' 
distil  its  amalKains,  the  metal  seemed  to  am  n 

before  the  whole  of  the  ijuicksllver  was  i\\s:\-\  ■,   jnc 

experiment,  in  whiclt  the  process  was  stopped  before  the  mercuiy 
was  entirely  driven  off,  lE  appeared  as  a  solid,  having  the  same 
whiteness  and  lustre  as  the  other  metals  of  the  earths.  It  sank 
rapidly  in  water,  though  surrounded  hy  globules  of  gas,  and  pro- 
duced magnesia.  In  the  air  it  <|uickly  changed,  falling  into  a  white 
powder,  which  proved  to  be  magnesia.  This  earth  Berzelius  slates, 
in  round  numbers,  to  consist  of  38  or  39  per  cent,  oxygen,  and  til 
or  6S  magnesium.  This  would  make  the  weight  of  its  atom  15.5. 
and  that  of  magnesia  23.5.  Dr.  Thomson's  experiments  (Ann.  of 
Phil.  N,  S.  vol.  i.  p.  5}  give  20  for  the  etjuivalent  of  magnesia,  from 
which,  if  8  be  suhtracled,  there  results  12  for  the  atom  of  magne- 
sium. Perhaps  it  will  be  sufficiently  near  the  truth  to  consider  ii 
as  represented  by  that  number. 

A!agnesia. 

Magnesia  possesses  the  properties  of  an  alkali,  but  in  a  con«- 
derably  less  degree  than  any  of  the  foregoing  earths.  Its  charac- 
ters are  as  follow : 

When  perfectly  pure,  it  is  entirely  destitute  of  taste  and  snielL 
Its  specific  gravity  is  between  2  and  3. 

No  heat  is  excited  by  the  affusion  of  water,  and  only  a  very  smalt 
proportion  is  dissolved,  not  exceeding  1-5 142d  of  its  weight  at  60^, 
or  l-36OO0lh  at  212%  according  to  Dr.  Fyfc's  experimenfta.  Mag- 
nesia appears,  however,  to  have  an  affinity  for  water ;  for  whennNlK- 
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(tied,  and  afterwards  dried,  its  weight  is  found  incrrascd  in  ilic 
proportion  of  IIH  to  UH). 

When  precipitated  also  by  pure  potassn  or  Hotia  from  any  of  Us 
sails,  it  falls  down  in  union  with  watL-r  as  a  ht/ilrale,  which,  when 
dried  liy  a  very  gentle  heat,  furraa  transparent  masses.  In  this  stale, 
acrordintf  to  Diny.  it  contains  about -^  of  its  weight  of  water  j  but, 
ai^runlini;  ti>  Bei/'-HLis,  HID  parts  of  magnesia  combine  with  14S 
tu  144  111'  »';iier.  Suiic  nf  these  proportions  exactly  agi-ec  with  the 
ali>nii(-.  v'l'i^'hts  ol'  uaiir  and  magnesia;  though  the  miinlwrs  of 
llcrzeliiis  a|t|ii'OLii  li  vny  nearly  to  those  of  a  ciiinpiiuud  of  S  atoms 
cf  wati^r  [-IT)  with  i.uf  of  ma^esia  (90).  Uisprobable,  indeed, 
Ihiit  in^iijui'hia  and  uali  r  niiite  in  several  proportions.  The  native 
livilriil.\  aiuih  /,<1  l.v  Dr.  IvIV.  i<.ntainid  t;y.7.>  base  +  S0.i5  water. 
(.\nn.  f)f  I'hil.  N.  S.  i.  r.!)U)  If  these  nunilK-rs  be  altci-cd  to  G8.5  of 
tlie  lormiT  +  .'.|,.i  of  the  hiUir,  ibey  will  agreu  exactly  with  the 
propiD'iiiiii  of  I  atom  of  magnc-iia  to  1  uloiii  of  water,  constituting 
the  pri'tn-hjulrtilf. 

Magnesia  reddens  iHrmerie,  and  change.s  to  green  the  blue  colour 
ofthc  viuh-li  but  water  whieh  has  l*eoi  a);ilatcd  wiih  nin;,'nesia. 
when  filU'I-L'd  through  pajiei-,  does  not  [iriulucc  similar  elurts.  In 
these  respect-!  mainu'sia diifi-rs  I'ltmi  lime,  and  apprn.n  Ins  lu  those 
earths  vthirh  are  drsiliKle  <>l'>h-rjd.-dly  alkaline  <[ualith's. 

Magnesia  is  net  dinsiilved  by  lir|iLL<l  alkalies,  nur  by  alkaline  earllisi 
and.  ill  ihi^  dry  nay,  it  has  iin  alVinily  for  baryta  or  stninlia. 

.Magnesia  is  by  no  means  a  raif  prmhirruin  of  naiiire.  for  though 
very  !>ehloni  found  in  a  stale  approachiti);'  tii  purity,  yet  it  enters 
Iar!,'i'ly  iiiLi  vuni-  rinks  that  ruiiipoM'  i-\uiisi*e  lonnation.s,  such 
as  MTpi'iitiiie.  Mialile,  luagnesian  liiiie-sKiiu'.  iii'.  ;  and  in  combina- 
li'in  u'iib  sLilpliiirii'  and  iiiiiriaiii-  ai  ids  i(  I'tirins  a  large  priiportion 
of  till-  inuiediilits  iif  sra  vwiler.  Its  princijial  use  is  in  medicine, 
for  liiiberlo  ii  has  not  been  e.vtensively  u|)|ilied  1<>  any  of  the  praeii- 

Chhriiir  iij iiur^nmium  may  be  fanned  by  beating  pni-e  magnesia 
in  ehlrjrine  gas.     This  eumjiiiuiul  is  liulir  kuuwn. 

Clihridr  ii/"  wi«:,'f»ts(((  may  In:  [iri'paicd  by  passing  chlorine  gas 
into  waii'r,  in  whieh  magnesia  is  kept  mi'clianicully  suspended,  or 
by  the  mivtiire  uf  M.hiti'iiis  of  i  liU)ride  of  lime  and  sulphate  of  mag- 
nesia, h  bas  not  yet  been  accurately  invi'sti^ated.  It  has  been 
itseii  with  advantage  in  sutiie  of  ilie  processes  of  bleaching  and  cali- 
co prinliii:.;. 

lU.fiiU  -fuwiim'.m  is  also  little  known. 

Miii-'iiii'  of  "iir^ittwi  is  a  deliijiii'scent  anil  very  soluble  salt,  of  an 
inlensilv  biiier  usie,  sohilile  in  alcohol,  li  forms  regular  erystaN, 
which  eonsis!  of 

.Muriulic.  ueid  -  -  -  :,C,.IT  or  1  atom  =  37 
Magnesia  ....  I'j.i'rfj  or  1  atom  =  lill 
Water 44.1.1  or  .1  atoms  =  45 

1IHJ.  111^ 

This  sail  eannol  Iw  n'duced  to  chloride  of  magnesium  by  heal, 
I'lir  ilie  eHeil  of  lientiog  it  btnmgly  is  to  exjiel  a  part  of  the  aeid. 


Of  MFTttS.  niftK  «. 

t  coflKlitiiles  about  one-ei^htli  of  the  solid  tngrvdimU  i>r  sra  w 
',  in  which,  lu  1  kuve  shotrn  (Phil.  Tnuu.  ISIO),  mnd  u  Dr. 
•  Mnrcct  hus  since  obfcrvcil  (I^hi!.  Trnun.  IB^),  it  in  free  from  ur; 
'  admixture  of  munuli' or  time. 

J  IfipU  murietle  vf  jiolOMa  and  mnifnen'a  was  obtaintil  tif  Dr> 
Msrcct  in  rliomlJic  cryilils  from  tlic  bittern,  or  niotlifr-liijuM'.  of 
tea  witer;  but  the  constitution  of  Iliii  S.3I1  »'^!>  Tuund  10  be  »  4c- 
Hcxte,  thai  it  w&i  liable  to  br  icparRied  inin  muriun- ofpoiiua^rf  ' 
muriate  of  ma^ciia  bv  water  alone,  anJ  w*a  with  ccruiatf  de- 
^  composc'l  bf  alcohol,  nliich  took  up  tlu;  lUtttnit'^an  mtiriaa anlj.  * 
f  (Phil. -IVan*.  IHaii  p.  436.) 

r      Jfi/ilriodale  of  inapicsia  i*  deliquescent,  and  Aanduna  it*  abd 
whf.ii  heated. 

When  iodint  is  healed  along  with  TnagntVia  and  water,  both  ht- 
driodate  and  iodatc  of  nia^cxia  are  formed.  Ry  cuncmtratinn  tiM 
toluiioii,  both  salts  arc  partly  decomposed ;  and  a  floccutmt  iodida 
of  maj^fsia  is  furmej,  resembling  kcrnics  In  its  appeanncc^ « 
when  heated,  louipart  of  ita  iodine,  and  U  cbuiged  nu 
iodide.  • 


I 


Nitrate  ijf  Ufagntxia. 


en  cwnntim     . 


This  compound  may  be  prepared,   by  dlMOlriBg  ( 
4  tnagscsia  in  diluted  nitric  acid.     The  aoIuiioD,  wbeo  en 
yt^la  cvystaia  in  tlic  ahape  of  prisnict  withABr  obBqac  Imm 

truncated  ai  ibcir  fiummiia.  Moat  commotily,  nowcvcr,  it  forvi* 
a  shapeless  muss,  consisting  of  an  immtiise  number  of  small  nee- 
dle-shaped crystals,  crossing  each  other  inesulari)'-  These  crys- 
tals dcliquiate  in  ihe  air,  and  are  sulnble  in  half  their  weight  of 
water.  Wliun  exposed  to  llie  heat  uf  i;,'nition,  they  fuse  ;  a  few 
bubbles  of  oxygen  gas  first  escape;  and  the  nitric  acid  then  passes 
undecompused.  The  s^jt  contains,  according  to  Dr.  Thomson, 
1  atom  of  nitric  acid  ■  -  -  54 
-     20 


1-28 
•Ammonia-nitrate  of  mafcnesia  may  be  obtained  by  mixing  the  so- 
lutions of  nitrate  of  ammonia  and  nitrate  of  magnesia,  and  evapo- 


rating the  sohitiiin.     The  crystals 


the  sohitiiin.  The  crystals  are  [irisnis,  wliich  are  soluble  io 
1 1  parts  of  water  at  GH",  and  are  less  deliquescent  ihan  cithfr 
comnonent  salts. 


'  about  11  , „.  

of  the  component  sal 


Carbonate  of  Magnesia, 

Pure  magnesia  does  not  attract  carbonic  acid  with  nearly  the 
same  inteoiity  as  lime.  Hence  magnesia  may  be  exposed  to  the 
air,  without  any  important  change  in  its  properties,  or  much  in- 
crease of  weight,  unless  the  exposure  be  long  continued,  when  il 
first  becomes  a  hydrate  by  absorbing  water,  and  then  attracts  ca^ 
Uniic  acid  from  the  atmosphere.     The  carbonate  of  i 
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used  In  ncdicise,  and  for  experimental  purposes,  Is  prepared  by  a 
process  to  be  described  in  speaking  of  the  sulphate.  In  this  state, 
however,  il  is  not  a  true  binary  compound  of  acid  and  base ;  but 
Its  composition  varies,  as  it  has  been  precipitated  with  or  without 
heat.  If  the  former,  it  contains,  according  to  Oucholz,  42  base, 
S3  acid,  2d  per  cent,  water;  if  prepared  from  cold  solutions  of  car- 
bonate of  soda  and  sul])liatc  or  magnesia,  it  consists  of  33  base,  32 
Bcid,  and  3S  wutcr.  Mr.  Dalton  states  it  to  be  composed  of  43 
base,  40  acid,  and  IT  water.  Beravlius  is  uf  opinion  that  it  is  a 
compound  of  3  atoms  of  carbonate  of  magnesia  with  1  atom  of  the 
quadro-hydratc  of  the  same  carili;  (Thomson's  l"irst  Princ  ii. 
3(1.1 ;)  and  if,  as  appears  to  me  proliublc,  this  Ijc  tin;  correct  view  of 
its  atomic  composiiiim,  it  will  cuiisisl  of 

3  atoms  of  carbonate     -     -    -     -l^  X  S    —  126     -    69.2 
1  atom  of  quad  ro-h  yd  rate      -     2U  +  3G  ™    5G    -     5(K8  ■ 


Or,  of 

Ma^ncsi: 

k  in  ibi- 

rarlionale  • 

-     32.93? 

Diuo  in  1 

ihL-  hydi 

■aic  -     -     - 

-     11. 

s 

Carbonic 

acid    - 

acur. 

Water 

1U.7 

100. 
'i'hc  true  carbonate  of  magnesia,  consisting  of  1  atom  of  acid  -f- 
I  alum  of  base,  thou{;b  it  bus  not  yet  been  formed  artlRcially,  is 
found  as  a  natural  iiruduct,  and,  being  entirely  without  water,  may 
be  called  the  an/ii/ilroui  rarbmtale  of  tiuigiiesia.  A  specimen  of  this 
mineral  from  the  Mast  Indies,  I  have  analyzed  and  described  in  the 
Annals  of  Phil.  N.  S.  i.  2J2. 

The  saturated  carltonate  of  magnesia  (as  it  has  generally  been 
considered),  may  be  obtained,  by  jiassing  streams  of  carbonic  acid 
gas  through  water,  in  which  common  magnesia  is  kepi  mechani- 
cally suspended,  or  by  adding  a  very  dilute  solution  of  carbonate 
of  soda,  highly  chargt^d  with  carbonic  acid  under  pressure,  to  a 
dilute  solution  of  sulphate  of  niat,tiesia.  No  immediate  prrcipita- 
tion  ensues,  but,  after  a  few  days,  congeriesof  crystals  will  be  found 
adhering  to  the  inner  surfaci;  of  the  glass  vessel.  Their  form  is 
describrrl  by  Mr.  Urooke.  (.\nn,  of  Phil.  N.  S.  yi.  ST3.)  Some 
of  iliese,  i>reparcd  by  myself,  I  analyzed  several  years  ago,  and 
showed  them  to  consist  of  base  SO,  acid  SO,  water  41.  llerzclius, 
from  the  exumination  of  a  specimen  probably  purer  than  mine,  de- 
duced its  proportions  to  be,  base  Ctl.5».1,  acid3i.5(K),  water  3S.ai4. 
(r.dinb.  Phil.  Journ.  i.  7.>.)  There  can  be  little  doubt  that  its  true 
constitution  is  as  follows,  and  that  it  is  a  carbonate,  and  not,  as 
has  been  supposed,  a  bi-earbmuiic,  a  salt  which,  in  fact,  has  not  ]ei 
been  proved  to  exist,  tii:., 

1  atom  of  magnesia    -    -    •    SO    -    -    28.G0 
I  atom  carbonic  acid  -     -     -    22     -     .     32. 
3  atoms  water 27     -     -     39.40 


d 


Water  at  G(P  dinxolves  only  l-!W93d  of  Us  weight, 
boilini;  ttMnperatui-e,  l-tWuO  piu't  of  common  cartiunaic  ur  ma) 
(t'diiib.  Joura.  V.  305.)    The  ailditiun  of  klmou  any  acid 
curbouatc  cxpcU  U»  ciirliiituc  acJd,  «n<l  a  tcmpouni)  rcaulm 
mikgncKia  wilh  ihc.  new  acid  wtuch  has  becu  adili-il.     Th,- 
of  carbonic  acid  for  manicaia  appears,  iniU-tO , ' <  ' 
b  expelled  liy  a  very  mode rmr  lirat,  miifh  infi-no, 
for  the  decompoMtitin  of  carbonate  of  liuic.     'I'lu 
mafpiuMa,  vrlikK,  Tur  medicinal  and  clicmical  11:11.:^  1.  ^... 
pared  by  the  calcination  of  the  carbonate,  and  hcnct:  ii»  b 
caidned  magru-niii. 

Carbonate  of  magnesia  precipilatej  lime  from  Umc-walu-,  a  „ 
buiiatc  of  the  latter  earth  beijig  formed  lu  consecjucacc  of  iu  gnaiv 
affinity  for  carbonic  acid. 

C/ifootuttt  of  mafputia  and  polassa.- — ^Berullus  hu  descriM  a 
salt  Willi  doimle  Ijast,  which  may  he  formed  by  mbuR|>  bi-caHws- 
atu  of  potassa  in  excess  with  muriate  of  mngncsta.  (Kdtnk  PhiL 
Jiium.  ii.  6~  )  No  piccipiutc  appears,  but  in  a  few  day*  ibe  salt 
arraii)(es  ilaclf  In-^ryttalline  groups  on  the  aides  of  the  rcucL  It 
coHslats  of 

Pota«8a 18.28 

Magnesia 15.99 

Carbonic  acid 5^49 

Water 31.34 

mo. 

liorate  of  magnetia  may  be  formed  by  dissolving  magnesia  in 
boracic  acid.  It  precipitates  in  small  irregular  crystals,  sparingly 
soluble  in  water,  but  soluble  in  acetic  acid.  A  natural  compound  of 
boracic  acid  and  magnesia,  with  a  proportion  of  lime,  is  found  near 
Luneburg  in  Germany,  and  known  by  the  name  of  boradtt.  Thit 
appears  to  be  composed  of  2  atoms  of  boracic  acid  and  1  atom  of 
magnesia,  or  to  be  a  true  biborale.  (Thomson,  First  Prin.  ii.  S04, 
and  Arfwcds.  10  Ann.  Ph.  12C.) 

Plujspkalc  of  magnesia  may  be  formed  either  directly  by  dissolving 
carbonate  of  magnesia  in  phosphoric  acid,  or  by  mixing  soluiioni 
of  sulphate  of  magnesia  and  phosphate  of  soda.  No  immediate 
change  ensues,  but,  alter  a  few  hours,  large  transparent  crystals  of 
phosphate  of  magTicsia  make  their  appearance  in  the  solution.  The 
crystals  requli-c  15  [jarts  of  cold  water,  but  a  smaller  proponioaof 
boiling  water,  for  solution.  They  effloresce  in  the  air,  and,  when 
heated,  leave  a  dry  powder  which  is  fusible  into  a  transparent  glas*. 
They  arc  constituted  of  1  atom  of  acid,  1  of  base,  and  7  of  water. 
(Thomson. ) 

Ammoiiia-pliosphalr  of  maspicxia  may  be  prepared  by  mixing  so- 
lutions of  [ihosphale  of  ammonia  and  phosphate  of  magnesia,  or 
any  other  soluble  salt  wilh  base  of  that  earth.  It  falls  down  in  ihc 
form  of  a  white  insoluble  powder;  but,  in  certain  varieties  of  uri- 
nary calculi,  it  is  found  lining  cavities  of  the  concretions,  in  a  di*- 
tinclly  crystallized  form,  and  it  is  deposited  in  crystals  on  the  sidis 
of  vessels  in  which  urine  is  long  kept.    It  is  tasteless,  scarcely  to- 
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lulili!  ill  water,  rcailily  soluble  In  dilute  arids,  and  is  decomposed 

l.v  Ui-.a,  Ii:;iMTij,'|.liosi>Iiato()rma;piesi:ii..nIy.  Ac-c<irtliiis  lu  Foiir- 
rt'oy,  ii  I'oiituiiis  I'rjiial  weiithts  of  phusphaic  of  amniunia,  phos- 
pli:i!i'  iifiniit^iciiLi.  :itKl  w;itrr. 

.^ii/p/inr-rf  if  hiir.-.ii  'in. — It  [!ins  not  appear  that  magno.sia  forms 
a  licriiianeni  uni'Hi  vi'-li  Milpliur,  Tor,  when  heated  logftlmr,  the 
laik-r  suMiii!<  ■!. 

/ft/i!rii-i,i'!/i-'i"ir'  if  wrjuisiu. — This  cai-lh  is  soluMc  in  water  im- 
|iri'i;ii;ili'(l  «  il!i  Miljiliiin-lcd  liydroRcn,  lint  Ihf  |iri>|ii'rlii's  of  the 
ciiiipciiiiii!  ii;i'. i' ii><;  'if'-n  iini.>j'Li;jaled.     The  suriiL- iiiiiy  Ni;  said  of 

Siiij.luh- i-f  iii<r^,i' •lit  m.iv  1»i^  iirc'|i;iii'd  liv  SLiliiiiiling  carbonate 
..r  Iu.l■rM■^ia  «iili  ^■,lll.hu^ol^i  Li.ri.l;  l.iii  il.,>  siili.liiie,  ivliich  is  first 
f.)r!iif ■!.  i^  inv.luM.  lill  :,•,  c^,  ,-.s  c.f  ;:.  irl  is  :..l(kd.  «  h.'ii  it  dissolves, 
;iii<l  iM;iy  !>.■  .ri-Ii.lli/.a  l>y  s|..-,4  i.v^i|i.ir:ili-jii.  Il  is  sululik  in  20 
\i:ul\  cjI'  [■■i!<I  u  jIi'I',  lull  linl  ii;i',-i'  liJ.rs  ii|i  w  Iaii;iT  [lortion,  and 
de|i')'.iis  )•,  ■.v,-:m\\  (It iiiir;.    'I'lir  crvitds  ulll-.n'sco  in  ihc  air,  aiid 

an-  sl,.ulv  .  :,.,l,|;i-ci  ililo  Mil|>li;,ti'. 

f/,//,..-.'ih.;,;',  .■!-  w».','„.iv.-.,.  m;iv  T,..  „!,t:,i;,r,d  by  boilin--  a  solution 
of  sul|)iii-.-  <.l'  iu:.v:rR-.i.t  u  iili  il..iv.ri's  ..{  sulpliiir.  'riir  h;iH  crystal- 
li/i's  uli.iLlli<-s.>[ii'.iiiiih:isri.i.l.'cl.  1:  !<.  liili'iiscly  bitliT,  :iiiil  readi- 
ly Miliil,!.-  in  u;,li.T,  i>iil  is  nc.I  .lili'iiiirsr,-iit.  When  braled,  ilbums 
villi  ;i  !.lni'  ll;;iiii-.  ;lihI,  I>v  a  sutiirii  nt  ciiiiliniiaiirc  i)t'thc  heat,  the 
uliol.'  ol'tlie  acid  is  cxiRlL'tl,  and  iiia:;ni'sia  remains. 

■Siiljihatc  'f  Magnesia. 

Wbtu  liitchly-conrcnt rated  siilpliniic  arid  is  suddenly  added  to 
Fn'sili  pirpati'd  and  pun:  ma;,-ne'.iLi,  very  j^real  beat  and  vapour  arc 
cxiitrd,  mid  are  accimiiianii  d  rri''|iieiilly  nilli  an  evlricalion  ot 
li;;l>t ;  uu  ii|i])''aianrc  first  ii'nerMd  >iv  W'l'sinimli.  I  tut  il'  (he  rar- 
b..nat.-  r,r  i,ia:;iic  Via  I.e  adr.rd  !■.  diliitJd  siilidiuric  a<id.  llie  rai'l.onir 
arid  iMNi.:|i.<l.  111.  hi-al  is  t■^..U,^.],  and  a  si.!uti..i.  .,r  sul|ibate  of 
lna!:n'-ra  i  ■  I  .tiiii-il.  wlii-  ii .  ry,',.dri/..'s  un  riainii:ili'in  and  cooling. 
■'■■''■'■-  ■      -     -     .     ihc  [jiimirediii  llie  sliupB, 
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Fig.  Ercpresents  a  form  under  which  the  crya- 

Uls  also  frequently  apptar.    In  this  form  only 

two  of  the  rour  planea  c  are  st'cn  on  each  tuin- 

nut,  and  dlcrnalinR  in  posilion  as  shown  in 

tJie  fiijure.    On  Bomu  of  the  crystals,  however, 

wliicD  resemble  tliis  figure,  (lie  two  other  pluiiRs 

t  may  be  perceived,  but  Incy  arc  vi-ry  minute. 

2.  At  lh^^  temperature  of  60%  this  suh  is  so- 

blUe  in  an  equal  weight  of  cold  water,  and  in 

^Ahrce-fourths  its  weight  of  boiling  water,  which 

■■  thu*  receives  an  additiou  of  onc-fourih  of  Its 

bulk. 

S.  Wlien  exposed  to  n  low  i-cd-hcat,il  ufider- 
goea  the  watery  fusion,  but  is  not  votutQIsed. 
rather  more  ilian  one-half  its  weight,  which  is  w, 
tlon,  and,  according  to  Berzelius,  a  very  minute  portion  of  acid  a 
capes. 

Tbc  dry  sal)  is  constituted  of 

1  atom  of  magnesia  -     -     SO     -     SSjM    -     100 
1  atom  of  Blllphuric  acid    4U     -     66.96     •    SOS 

60  100. 
And  the  cryatala  contain, 

Mag:nesia    -    -     IG.        -    -  or  I  atom  n  30 

Sulphuric  acid      33.57     •     -  or  1  atom   =    Vi 

Water     -     -     -     51.43     -     -  or7atoms=  63 

100.  Weight  of  its  atom  125 
4.  Its  solution  is  precipitated  by  carbonates  of  polassa  and  of 
soda;  but  not  by  the  bi-carbonatcs  of  those  bases,  nor  by  carbonate 
of  ammonia,  unless  heat  is  applied.  The  carbonate  of  magneua 
of  the  shops  is  prepared  by  mixing  together  concentrated  and  hoi 
solutions  of  carbonate  of  potassa  and  sulphate  of  magnesia.  The 
sulphate  of  potassa,  thus  formed,  is  removed  by  copious  washing 
with  water,  and  the  carbonate  of  magnesia  is  then  dried.  The 
proportions  employed  arc  filtered  solutions  of  4  parts  of  the  crvs- 
tallized  sulphate,  and  3  of  the  carbonate  of  potassa.  One  hundred 
parts  of  the  desiccated  sulphate  give  about  71  of  the  mixed  carbo- 
nate and  hydrate  of  magnesia,  or  about  33  of  the  pure  earth. 

When  solution  of  pure  ammonia  is  added  to  that  of  sulphate  of 
magnesia,  part  of  the  earth  is  precipitated.  The  rest  remains  io 
solution,  and,  by  evaporation,  a  triple  sail  is  formed,  consisting  of 
sulphuric  acid,  magnesia,  and  ammonia,  called  ammoniaco-magnt' 
nan  suiphiUe.  The  form  oi'iis  crystals  is  described  in  ihc  .\ntL  of 
Phil.  N.  S.  TIL  117.  It  is  constituted  (Thomson's  First  Priac  U. 
419)  of 

Sulphate  of  magnesia      -     ■     -     1  atom     60 

Sulphate  of  ammonia      -     -     -     1  atom     57 

,^  Water 7  atoms   63 

180 
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A  compound  fidphtUe  ^  mapiena  and  aoda  hai  been  described 

bj  Dr.  Murray,  in  a  note  to  hia  paper  on  the  Analysis  of  Sea  Wa- 

tcr.  (Ediob.  Trans.)  It  crystallizes  in  rhombs  truncated  on  the  an- 

f;lcs  and  edges;  is  soluble  in  rather  more  than  three  times  it* 

weight  of  watfi-  at  Gtl°    ['ahrcnlicil;  is  permanent  in  the  airj  and 

does  not  fuse,  but  decrepitates  on  applying  heal.  It  is  composed  of 

Sulphate  of  magnesia      32  or  1  atom    ca  60 

Sulphate  of  soda    -     -    39  or  1  atom    >=  73 

Water  of  crystallization  29  or  6  atoms  =3  54 

100  186 

Sulphate  ofpolasia  and  tnepietia  was  composed  by  Link  by  satu- 
rating bi-sulphate  of  potassa  with  magnesia.  The  taste  of  this  tri- 
ple salt  is  bitter;  in  solubility  it  ncaily  agrees  with  sulphate  of  po- 
lassa;  its  crystals,  the  form  of  which  is  described,  Ann.  of  Pbil> 
vi.  41,  consist  of  1  atom  of  sulphate  of  potassa,  1  of  sulphate  of 
magnesia,  and  7  atoms  of  water.  It  has  been  found  by  Dr.  Mar- 
cel to  be  an  ingredient  of  sea  water.  (Phil.  Trans.  1822,  p.  455.) 

Selmialt  of  riuignesia. — Selcnic  acid  unites  with  magnesia  in  two 
proportions,  forming  a  scleniate  and  a  bi-selcnlatc,  but  the  com- 
pounds have  no  particularly  interesting  properties. 


SECTION  VIII. 

G/ucinum. 

Oluclnum  has  been  obtained  by  Wohler  by  acting  upon  its  chlo- 
ride with  potassium.  For  this  purpose,  the  chloride  was  nreparcd, 
according  to  a  process  of  Henry  Itose:  Clucina,  which  had  1>ccn 
obtained  from  the  beryl,  was  intimately  mixed  with  charcoal,  and 
the  mixture,  heated  to  redness,  was  exposed  to  a  current  of  chlo- 
rine gas.  The  chloride  was  put  into  a  covered  platinum  crucible, 
in  allcmatc  strata  with  flattened  fragments  of  potassium,  and  heat- 
ed by  a  spirit  lamp.  The  decomposition  took  place  with  the  evo- 
lution of  Intense  heat.  A  gn-y  mass  remained,  from  which  water 
extracted  chlorides  of  potassium  and  glucinum;  the  glucinum  re- 
maining as  a  darlc  grey  powder,  which  had  the  appearance  of  i  metal 
precipitated  in  very  divided  parts.  Under  the  burnisher,  it  took  a 
dull  metallic  lustre.  It  appeared  difficult  of  fusion.  It  was  not 
oxidabic  at  common  temperatures  either  by  air  or  by  water,  nor 
by  the  latter  even  when  boiling.  When  made  red-hot  on  a  piece 
of  platinum  foil,  it  burnt  brilliantly,  and  was  re-converted  into 
glucina  of  a  perfectly  white  colour.  In  oxygen  gas  it  burned  with 
extraordinary  brightness,  and  also  in  chlorine,  in  iodine,  and  in 
bromine.  Its  combination  with  sulphur,  selenium,  phosphonts, 
and  arsenic,  also  took  place  with  vivid  light.  The  quantity  of  oxy- 
gen absorbed  by  its  combustion  does  not  appwr  to  have  been  u* 
certained.  (Ann.  de  Ch.  et  de  Phys.  Sept.  1BS8.) 


Oiuana. 

ThU  earth  wa*  tlincovercd  I>y  Viiu<|ueliii»  in  the  year  1798.  He 
obtained  it  from  thu  aytiamarina  or  beryl,  a  prccioas  Htooeuri  (pBoi 
colour,  uul  vtryconMclerablchardnrim,  which  is  found  CfTStlflisal 
in  Siberia.  C-lucina  has  nincc  been  {li.unvercd  te'  form  ruhcr 
more  ihsn  oiic-iirth  the  weight  of  a  crystullised  mtnerml  oJIhI  Mf- 

,  datt.  The  following  proccaa  may  1)c  employed  to  sepanl^ll  tram 
the  beryl : 

I  LettliUBtone,  reduced  to  a  fine  powili-r,  be  fused  with  three  tioui 
its  weight  of  pure  potassa.  To  ilir  fiued  muss  add  a  quontiiy  uf 
water,  snd  afterwards  diluted  mnrialic  acid ;  which  lut  will  rfect 
a  eomplele  solution.  Evaporate  the  solutioo  to  dryticu,  ra^isaohe 
the  dry  mass,  and  add  carbonate  of  potbssa  so  long  a*  any  prt- 
cIiiEtatien  ecsuea.  Dissolve  the  precipitate  in  sulphunc  add;  a>M 
a  littfe  sd^baf  of  polassa;  and.  on  cvaporalion,  crjrstalavf  ahm 
will  be  obtalm-d.  Dy  Oiis  process  the  alumina  is  detaclied.  Tbe 
residuarv  liquor,  which  yields  no  more  crystals,  contain!  Ibe  ^ 
cina,  and  a  small  portion  of  alumina.  Add  a  solution  of  carbcNtate 
of  ammonia  to  excess;  this  will  throw  down  the  alumina,  aad  iW 

?luciDa  will  remain  dissolved  by  the  superabundant  carbonatt 
i'hen  this  soludda  U  evaporated  to  dryness,  and  moderately  heat- 
ed, the  allt^Une  carbonate  is  expelled,  and  a  carbonate  of  gIndRa 
remains,  fn  the  proportion  of  16  parts  from  every  100  parli  of  the 

Chicina  lias  the  following  properties: 

1.  It  is  a  fine  while  and  soft  powder,  resembling  alumina  in  iis 
sensible  properties ;  and.  like  tliat  i-ar(1i,  adhei-in);  lo  the  tuni^ui'. 
Its  specific  gravity  is  'LOT. 

3.  It  has  no  action  on  blue  vei^ctalile  c olonrs, 

3.  It  does  not  harden,  or  coniruct,  like  alumina,  b^heai;  and  i". 
infusible. 

4.  It  is  insoluble  in  water,  hut  formi;  wiili  it  a  ductile  pasic 

5.  It  is  soluble  in  liquid  potassa  and  soda,  but  noi  in  the  solution 
of  pure  ammonia.     In  these  respects  it  agrees  with  alimiina. 

0,  (lliirina  is  soluble  in  carbonate  of  ammonia;  a  property  I'i?- 
tinguishing  it  from  alumina. 

7.  It  appears,  like  alumina,  to  have  an  affmity  for  colouring 
matter. 

8.  With  the  diffi-rcnl  acids  it  for 
sweet  and  rather  aslrinf, 
from  yi*j(t!,  si];nirying  sweet. 

9.  It  is  not  preci|)italed  by  triple  prussiatc  of  potassa. 

The  atomic  weight  of  glut ina  is  deduced  by  Dr.  Thomson,  from 
Mb  own  experiments  and  those  of  Berzelins,  lo  be  ■id  ;  and  suppos- 
ing it  to  consist  of  an  atom  of  metallic  base  and  an  atom  of  oxygen, 
the  atom  of  gluciuitm  will  wt^gh  2G  —  8  a  18.  (Thomson's  Ktnt 
Princ  i.  318.) 


SECTION  IX. 

Iltriwn. 

The  base  of  yllria  lias  been  extracted  by  Wiihlcr  by  a  process 
prrcisi'l)-  similar  In  tlml  cnipli)y(;(i  for  scparatinR  glucinumj  but 
ihcru  apjiiars  to  be  nun  b  iiioii:  JiiTirulty  in  oblaining  yttrium 
jiiire.  The  heal,  di'vi'luped  by  the  action  of  potasMuni  on  chto- 
jidc  of  ytiria,  is  very  imcnsi'.  Tbu  result,  after  separating  what 
is  Miluble  1>v  water,  is  a  metal  of  an  iron-btack  colour,  in  scalcy 
partir.U-h,  nf  a  iierfi'i.tly  metallic  lustre.  The  fragmcnis  appeared 
to  be  brittle,  not  like  aluminum  ductile.  At  common  tempera- 
tures, yttrium  is  not  combustible  in  air,  nor  o^Llduble  by  water, 
[leuted  to  redness  it  burns  in  the  air,  and  its  combustion  in  oxygen 
is  one  «r  the  most  brilliant  that  can  be  exhihjied.  The  proportion 
ofoxytTcn  taken  up  by  a.  given  weifjbt  uf  nieliil.  does  not  appetr  to 
have  been  deterniined.  Its  remaining  jjropcrties  closely  rctemblc 
Ihubuurgluciuuiii. 

i'tlria,  or  Illria. 

This  earth  was  discovered  in  ITO-l,  by  Professor  Gadolin,  in  a 
stone  fi-om  Vtterby  in  Sweden ;  and  its  title  to  the  character  of  a 
peculiar  eiirth  rests,  also,  on  the  uni^uest  ion  able  authority  of  Kla- 
prolii  and  Vaniiudin,  both  of  whom  have  made  it  the  subject  of  ex- 
periment. The  fiillowing  pi'ocess  f»r  obtaining  it,  is  described  by 
\'au"[iielJu  in  the  jllih  volume  of  ibc  .lititulrx  tie  CAhiue,  p.  150. 

I'use  the  piilvrri/.ed  simie  (called  (iadoliuite)  lu  ilic  manner  al- 
ready <l<'SLril)ed.  uith  twu  e  its  weight  of  piitassa  ;  wash  Uu-  mass 
with  It'iilin;.;  distilled  m  alei'.  and  filler.  Tbe  fillert-d  solution,  which 
has  a  beauiifnl  green  colour,  yields,  during  evaporation,  a  black 
precipitate  of  osiUc  of  manganese.  When  this  bus  ceased  to  ap- 
jiear,  alluw  ilie  liijuor  to  .staml ;  deinnl  the  clear  part,  and  aalurule 
with  nitric  acid.  I.et  the  insuluiile  part  be,  also,  digested  with  ex- 
tremely dilute  niirtc  acid,  which  will  t.ike  up  the  soluble  earths 
only,  and  will  leave,  iiuili^sulved,  the  silica  and  oxide  of  iron.  I^l 
the,  two  portions  be  niin;;Ied  together,  and  evaporated  to  dryness ; 
then  1-e-dtssolved  and  fdtcred;  by  which  means  any  remains  of  sili- 
ca and  [)x.ide  of  iron  are  separated.  To  obtain  tlic  yttria  from  the 
nitric  solution,  it  would  be  sufl'icient,  if  no  other  earth  were  pre- 
sent, to  precipitate  it  by  earl>anatc  of  ammonia ;  but  small  portions 
of  lime,  and  of  oxide  of  manganese,  are  still  present  along  wiUi  it. 
The  first  is  separated  by  a  few  drops  of  carbonate  of  potaaaa;  and 
the  mans^anese,  by  the  cautious  addition  of  bydro-iiulphurct  of  po- 
tassa.  The  yttria  is  then  to  l>c  prcci])itated  by  pure  ammonia, 
washed  abundantly  with  water,  and  deled.*    It  amounts  to  about 

■  Nichohon'a  Jounwl,  xviii.  17.    Wiilikr,  to  nhom  it  ww  imiMrtimt  tn  obtain 
pun  prttria  far  the  prepuitJon  ij  yttrium,  rcmarkcil  th&t  it  wis  ilillicult  tu  pra- 
cure  It  quite  free  rrom  sulpbuciCKid  snd  potuiajrom  which  nilpliur  sm)  potaMi 
9  wete  derekipcd  along  with  tlic  metallic  bsw. 
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35,  or  according  to  Ilcraclius  4.%  per  cent,  of  the  wcieht  rf  iW  " 
Rione.     It  baa  been  Tnund  also  tn  fbnn  about  one-firth  of  the  wdfkt  / 
ot yltratmilalilf,  and  ;ihoui  oue-lwfirtli  ol'th»l  ai yilracenU. 
Yuria  has  ihe  following  propertic*  ; 

1.  It  Is  pcrfeclly  while;  but  it  is  iliflicuU  to  preserve  it  rree&Ma 

a  alight  tinge  of  colour,  owing  to  its  conlaminatiaD  with  Kxlderf  J 
manganese. 

2.  It  has  neither  taste  nor  smell ;  and  it  is  smooth  to  the  toDch, 
like  ulumina. 

.1.  It  is  insoluble  in  water,  aind  infusible  except  by  as  iatana 
heat; 

4.  It  is  very  ponderous ;  lt»  specific  gravity  being  4.&42. 

5.  It  is  not  attaclted  liy  pure  alkalies ;  nnd.  In  this  resnrct,  it  iHf- 
fcrs  from  )^lucina  and  aluiuina,  both  of  which  are  abotuUiitJf  sola* 
ble  in  fixed  alkalies. 

0>  Like  gUicinu,  it  is  soluble  in  carbonate  of  ainmoiiH>  bat  Gtc    I 
or  fix  dmfii  less  sio  than  tbat  earth ;  or,  tn  other  wnrdi.  of  efjval    j 
quBDlItiesof  glucina  and  yltria,  the  latter  requires  for  solndoK&W 
or  six  times  more  of  the  carbonate  of  ammonia  than  the  tvnaa,        1 

7.  It  is  soluble  in  most  acid^  and  is  precipitated  by  pure  ol 
by  baryta,  and  by  lime. 

8.  From  these  aojulions  it  is  also  precipitated  by  the  o 
and  by  oxalate  of  ammonia,  in  a  state  resembling  fresh  predpitatid 
rauriate  (^  silver.  Pnissiate  of  potassa  throws  it  down  insmal 
while  grains  passinp;  in  a  short  lime  to  pearl  grer ;  phosphaie  of 
soda  In  awhile  gclalinous  form;  anil  infu-^ioii  of  galls  in  Lrcira 
flocculi. 

9.  Ytlria,  which  has  been  a  lonjj  time  exposed  to  the  action  of 
fire,  gives  out  chlorine  gas,  when  dissolved  in  common  muriatic 
acid  1  thus  manifesting  one  property  of  a  metallic  oxide. 

The  atomic  weight  of  yttria,  deduced  by  Dr.  Thomson  from  the 
composition  of  its  salts,  is  42,  and  that  of  yttrium,  supposinR  the 
earth  to  consist  of  an  atom  of  base  and  an  atom  of  oxygen,  n  ill  be 
42  —  8  =  34. 


SECTION  X. 

Aluminum. 

The  experiments  of  Sir  H.  Davy  afforded  a  strong  presumplioa 
that  alumina  is  a  metallic  oxide ;  but  he  did  not  obtain  its  hue  io 
such  a  slate  of  separation,  as  to  enable  him  to  invesiii^te  its  pro- 
perties. Alloys,  however,  were  formed  with  it,  which  gave  suffi- 
cient evidence  of  its  existence.  Oersted  attempted  to  exhibit  lia- 
minum  in  a  detached  form,  by  employing  the  chloride  of  that  eartb 
(Ann.  of  Phil.  Nov.  1827,  p.  391);  but  did  not  obtain  distinct  i«- 
lults.  Wohtcr  has  since  availed  himself  of  the  hint  afforded  bf 
Oersted,  and  has  succeeded  in  his  attempts  to  exhibit,  in  the  most 
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satisractory  manner,  the  metallic  base  of  alumina,  by  acting  upon 
tho  chloride  of  aluminum. 

Chloride  of  abuiiinum. — This  salt  may  be  easily  prepared  by  the 
process  usi'tl  by  UcrsU'd.  Alumina,  precipitated  from  alum  by 
carbonate  of  potassa  in  excess,  is  well  washed,  dried,  and  mixed, 
in  the  state  of  hydrate,  witli  powdered  charcoal,  oil,  and  sugar, 
into  a  thick  paste,  which  is  to  l>e  heated  in  a  covered  crucible  till 
all  the  vegetable  matter  is  destroyed.  The  black  matter  which  re- 
mains is,  while  still  hot,  to  be  put  into  a  porcelain  tube  properly 
arranged  in  a  convenient  furnace ;  and  through  this,  chlorine  gas, 
desiccated  by  fused  chloride  of  calcium,  isi  to  be  passed  into  a  imall 
tubulated  glass  balloon,  attached  by  a  glass  tube  to  the  other  end 
of  the  porcelain  tube.  When  the  apparatus  is  filled  with  chlorine, 
the  porcelain  tube  is  to  be  raised  to  a  red  heat,  and  then  the  chlo> 
ride  will  begin  to  appear  in  the  balloon  in  a  pulverulent  form.  A 
smalt  portion  also  escapes  with  the  oxide  of  carbon  which  ia  evolr- 
cd,  and  causes  it  to  fume  in  the  air.  At  the  expiration  of  in  hour, 
or  a  little  more,  the  tube  will  be  obstructed  by  the  chloride^  aod 
the  operation  may  then  cease.  On  taking  the  apparatus  to  pieces, 
after  cooling,  the  chloride  is  found  at  the  end  of  the  tube  issutne 
from  the  furnace,  partly  in  a  crystalline  form,  and  partly  in  a  solid 
hard  mass,  which  is  easily  detached.  It  is  of  a  paleyellowlah  green 
colour,  semi-transparent,  and  in  talcose  plates.  It  lumea  a  little  in 
the  air,  evolves  a  smell  of  muriatic  acid,  and  is  resolved  into  a  clear 
Uctuid.  When  added  to  a  small  quantity  of  water,  it  is  disiotred, 
aiid  produces  considerable  heat.  It  is  volatile  a  little  abore  218°, 
and  fusible  nearly  at  the  same  temperature.  It  may  be  preserved 
unchanged  in  naphtha,  and  even  fused  under  it  into  a  liquid  of  a 
brownish  red,  and  is  then  not  acted  upon  by  contact  with  potassium. 
When  heated  in  a  tube  of  glass  with  sulphurcted  hydrogen,  it  ab- 
sorbs SO  or  40  times  its  volume  of  the  gas,  and  gives  it  out  again 
when  added  to  water. 

AlmniHUHU — .\  small  fragment  of  the  chloride,  heated  in  a  glass 
tube  with  potassium,  occasions  so  intense  a  heat  as  to  break  the 
tube  i  but  the  process  may  safely  be  performed  in  a  covered  plati- 
num crucible,  taking  care  to  use  nut  more  than  from  ux  to  ten 
small  pellets  of  potassium,  each  about  the  size  of  a  pea,  and  not 
more  of  the  chloride  than  will  bo  volatilized  by  the  reduction.  A 
fused  mass  remains  of  a  greyish-black  colour.  To  detach  thiif  the 
crucible  must  be  plunged  into  a  vessel  of  water;  a  slight  escape  of 
hydrogen  takes  place,  of  a  very  oHenaive  odour,  and  a  grey  powder 
is  left,  which  on  minute  examination,  especially  in  the  direct'rays 
of  the  sun,  is  evidently  composed  of  very  small  metallic  plates, 
somewhat  resembling  platinum.  This  powder,  sufficiently  washed 
with  cold  water,  and  then  dried,  is  aluminum.  (Ann.  de  Ch.  ctdc 
Ph.  Jan.  183tt.) 

The  colour  of  this  metal  is  tin-white,  especially  when  compresed 
in  a  morur,  and  rubbed  with  a  burnisher.  Its  aspect  is  decidedly 
metallic,  in  which  respect  it  differs  from  silicium.  It  is  infusible 
at  the  heat  at  which  cast-iron  melts.  It  does  not  conduct  electrici- 
ty ;  but  this  is  probably  owing  merely  (o  its  pulverulent  form,  which 
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ileprivcx  otlicr  metals  of  that  projici'if,  tbougli  lliey  clecUedly  pos- 
sess it  wheu  ill  mas^j. 

Hf-attd  to  rcdncEi^  io  the  air,  tt  Ukes  fiir,  nnd  bums  with  iffui 
lirllllaucy  into  white  tind  tokmbly-  liitrd  uluminn.  Wlim  praiKial 
on  tbe  fUmt!  or  a  cu,utll(%  it  eiAltH  Sparks  m  briUiftnt  a%  ttme  tilirm 
bumliri^  In  oxygen  gaa.  It  burns  m  oxy{>«o  ijas  with  a  tpkmiamr 
Wl^b  the  L-yc  can  hai-dly  support,  and  with  so  much  heu  tltu  tin 
reaiuting  alumina  is,  in  pkrt  at  Iea!>t.  fuied  into  yellow  hn^niflttta, 
Vhlch  ai-u  as  hard  as  curuiiduigi  and  nut  wily  wratch,  but  ab«^BU>- 
If  cut  ghsi.  It  13  remarkable,  tliat  to  uccastun  combusiiMii  etfa 
in  oxygen,  the  alumiDum  inuslbe  introduced  ruil-bol. 
.  Altiininiim  is  snaixvly  KCtcd.tFpon  by  water,  and  water  ttaj  be 
evnpnratcd  from  it,  nt  low  leniperatures,  wilboat  dintiiitsbii»K  iit 
nMUallic  uspcct  Kvcii  balling  wittur  produces  only  k  hIow  mi  » 
dlstiact  clQict.  At  common  temperatures,  it  is  not  tttli:f«d  by  con- 
U'ntnMcd  ItaJphuric  or  nitric  acid ;  but  in  the  first,  wlieq  hniti,  it 
dissolves  rapidly,  with  an  escupe  of  sulphurous  acid,  la  d ikied 
niiipburic  and  rniiriatic  acids  it  dissolves  with  a  discnt^gnBcni  of 
hydrri(;i-n,  -.m<1  the  snme  rR'cct  is  produced  by  weak  aolutioo*  efl*- 
lassiu     1''.m:ii  ummonin  tlissolvirs  it,  and  in  very  lar^  qnantliy. 

When i)^i ted  ina-eurn-ntof  chlonne,  it  Lakes firc^  uutUcliUBOl 
into  chloride  of  alumimiin,  which  tlie  heal  \olaliltxe«. 

)t  unit^  with  sulphur,  phosphorus,  seleulaoi,  arscsic,  utd  tdl» 
rittlD,  geflnrally  with  incandescence. 

Such  arc  ilie  proporiics  of  aluminum,  now  first  unfolded  to  vt  is 
a  distinct  form  by  Wiililer,  who  must  be  allowed  to  share  with 
Dary  and  Oersted  in  the  credit  of  its  discovery. 

.Ilumina. 

•Alumina  may  be  obtained  free  from  other  earths,  but  still  com- 
bined with  carlionic  acid,  hy  pn-cipitaiiiii;  a  solution  of  alum  in 
water  by  the  bi -carbonate  of  potas^a.  To  secure  its  complete  puri- 
fication from  KulpUuric  acid,  tluyton  advises  that  the  prt'cipitaic 
be  rc-disBolvc(i  in  nitric  acid,  that  nitrate  of  baryta  be  cautioudy 
added  to  the  solution,  till  it  no  lonijcr  occasions  milktness,  ami  thil 
the  alumina  be  afterwards  precipiiated,  or  separated  from  the  nitric 
icid  by  heat.    (Ann.  deCbim.  xxsii.  G4. )    Electro-cbcmicalanali- 
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taminated  with  those  acids ;  but  not  with  the  muriatic^  when  thrown 
down  from  the  muriate  of  alumina  by  ammonia.  C.ay  I.ussar  re- 
commends the  preparation  of  alumina  by  exposing  that  kind  of  alum 
which  has  ammonia  for  its  base,  first  to  a  gentle  heat  to  expel  the 
water  of  crystallization,  and  afterwards  to  a  red  heat,  which  IcarW 
the  alumina  pure.  (Ann.  dc  Ch.  et  de  Ph.  ».  101.) 
AlumiiiKhas  the  foUowiii};  pi-o|>crlie8: 
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1.  It  is  destitute  or  taste  and  smell. 

2.  Wlwn  moistened  with  water,  it  forms  a  cohesive  and  ductile 
mass,  susceptible  of  beini;  kneaded  into  a  regular  skape.  It  is  not 
soluble  iu  water;  liiit  retains  a  considerable  (juaiility,  and  is,  indeedi 
a  hydrate,  con  tain  in):;,  wtieii  dried  at  ihe  temjieraturc  of  the  atmo- 
sphere, almost  hall' its  weiijlimf  water.  Even  after  ignition,  alumi- 
na has  siirli  an  alTiTiiiy  fur  moisture,  that  it  can  hardly  be  placed 
on  the  si-ali?  of  a  balance  wiiliimi  ariiuirin]^  weij^ht.  llerzclius  found 
that  1IHI  parts  after  being  ifi^nited,  (gained  15.;  from  a  dry  atmo- 
sphi'rr,  and  :>->  Iriim  a  humid  one.  i-'or  full  saturation,  I(K)  grains 
of  aUimina,  he  ancerlained,  refjulrc  5-t  of  water.  (8:3  Ann.  dc  Ch. 
14.)  Uf.  Thtimsiin,  from  llJO  [i^rains  of  pr(.-cipitatcd  ahimina,  left 
til  dry  on  a  filter  durin;*  two  months  at  a  lemperaiure  not  exceeding 
60°  Fahr.,  ex|>('lled  by  a  n-d  heat  51..10  grains  of  water;  hence  the 
hydrale  thiiit  obtaineil  was  constituted  very  nearly  of  c<iual  weights 
of  alUTiiina  and  water. 

3.  .Muniina  docs  not  affect  blue  vegciahle  colours. 

4.  It  is  dissiilvrU  by  the  liijuid  Ti^l-iI  alkalies,  and  is  precipitated 
unehun^'cd  by  acids.  In  annuuuia,  it  is  VLTy  sparingly  solu&le.  It 
is  not  soluble  iu  alkdiui.'  cai'bimates. 

5.  Itaryla  and  stnmtla  combine  with  alumina,  both  by  fusion  and 
in  the  humid  way.  Iu  the  first  case,  the  result  is  a  greenish  or  bluish 
tolouri'd  mass.  In  the  second,  Iwo  compounds  ai-e  formed.  The 
firsl,  containini;  an  excess  of  alumina,  is  in  the  state  of  an  insoluble 
powder ;  the  other,  having  an  excess  of  the  alkaline  earth,  remains 
in  solution.  .Mumina  may  l>e  united,  by  fusion,  with  the  fixed  al- 
kalies, and  with  mosi  of  the  earths. 

C).  Alumina,  as  will  be  afterwards  shown,  has  a  strong  aHinity 
for  colouring  matter. 

7.  Alumina  has  the  properly  of  shrinking  considerably  in  bulk, 
when  exposed  lo  heal,  and  its  contraction  is  in  proportion  to  the 
intensity  of  the  heat  applied.  On  this  properly  is  founded  the  m/- 
romtltT  'if  If'filauimil,  which  measures  high  degrees  of  heat,  by  the 
amount  of  the  contraction  of  regularly  shaped  pieces  of  china  clay. 
The  pieces  of  clay  are  small  cylinders,  half  an  inch  in  diameter, 
flalieued  on  the  under  surface,  and  baked  in  a  low  red  heat.  The 
contraction  of  these  pieces  is  measured,  by  putting  them  between 
two  fixed  rulers  of  brass  or  porcelain,  twenty-four  inches  long,  half 
a:i  inch  dintau!  from  each  oilier  at  one  end,  and  thrce-tentbi  of  an 
inch  at  the  other.  The  rulers  are  divided  into  C-IO  e(|ual  parts, 
called  degrees,  which  commeuce  at  ihe  wider  end  ;  and  each  of 
whirh  is  equal  to  IMV  of  Fahrenheit.  When  the  clay  piece  is  fixed 
in  its  place,  before  exjiosurc  to  heat,  it  is  stationary  at  the  first  de- 
gree, which  indicates  about  1077"  of  I'ahrenheii.  After  being 
strongly  heated,  in  a  small  case  which  defends  it  from  the  fuel,  its 
bulk  IS  diminished,  and  it  slides  down,  between  the  convergiug 
rulers,  till  slopped  by  their  approach.  The  number  on  the  gradu- 
ated scale,  opposite  lo  the  upper  end  of  the  piece,  indicates  the  de- 
gree of  heat  to  which  it  has  been  exposed.  Iu  the  Appendix,  rules 
may  be  found  for  reducing  the  degrees  of  Wedgwood  s  pyrometer 
to  those  of  Fahrenheit's  thermometer.    It  is  proper,  however,  to 
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remark,  that  this  instnimcnt  U  a  much  less  accuraU  n 
heat  than  was  long  supposed ;  since  the  contraction  of  tUybi*' 
flucnccd  not  Jl^erely  hy  the  ilegrtc  of  hent  to  which  it  i»  aptmi, 
hilt  by  the  mode  of  its  apuUcation. 

Alumina  forms  a  very  larM  proportion  of  the  rocks  and  MtMi 
that  compose  this  globe  It  is  ihc  chief  ingredient  of  all  the  varie- 
ties of  clay,  and  gives  them  the  |>roticrly  of  tenacity  and  liHciUi^ 
or  of  being  capable  of  being  mouldrd  into  the  shape*  of  rcMok 
which  are  rendered  hard  and  durable  by  Uie  sub»c<|ueflt  a{^Bc«lim 
of  heal.  Bricks,  tiles,  anil  all  the  varieties  of  pottery  and  pumU^ 
an:  chiefly  formed  of  alumina,  with  variable  proportions  uf  dGc* 
and  other  earths.  It  impariato  soils,  when  pre^tcnt  tn  due  projur- 
£  tion,  tlie  (juality  of  being  sufficiently  retentive  of  molsMrci  lot* 
Hoil  may  l>c  loo  open  and  Itj^ht  to  he  fertile,  a*  well  aa  looatifffraa 
the  excess  of  its  aluminous  ingredient.  It  i>  remarkable,  aboi  ik« 
alumina,  nearly  pure,  composes  some  of  the  hardest  mlnenJisHck 
us  the  corundum,  which  is  hard  enough  to  be  employed  in  po&dtiiic 
diamond*- 

Kquivalenl  of  ^hnmna. 
The  equivalent  number,  or  wcighl  of  the  atom,  of  alumnii.  ha 
been  less  salisfactwily  determined  than  that  of  most  of  the  eartitt 
It  was  probably  from  the  uncertainty  which  be  found  lu  rxiat  iv- 
speetingthe  analysis  of  its  compounds,  that  Dr.  Walbatoa  didMt 
include  alumina,  or  Us  salts,  among  the  examples  selected  tr>  ilk»- 
IraiL-  the  pi'iiiii|ili.'  oF  liis  scale  of  etjuivaknls.  From  iiKlirf  t  <'-■ 
perimctits,  Sir  H.  Davy,  several  years  ago,  derived  24  as  the  num- 
ber representing  alumina,  and,  by  analogy,  16  for  that  of  aluminum. 
Dr.  Thomson,  from  a  careful  analvsis  of  alum,  deduced  18  as  the 
atomic  weight  of  alumina  (Ann.  of  I'hil.  N.  S.  iiL  168),  a  number 
very  nearly  agreeing  with  that  assigned  by  Gay  Lussac,  anJ  an- 
swering to  ir.28,  hydrogen  being  1.  Trom  an  investigation  arising 
out  of  the  analysis  of  a  peculiar  species  of  sulphate  of  alumina,Mr. 
R.  Phillips  concluded  that  the  atomic  weigUtof  that  earth  is  more 
correctly  represented  by  27.  (Ann.  of  Phil.  N.  S.  iv.  283.)  This 
opinion  has  induced  Dr.  Thomson  again  to  examine  the  subject. 
by  comparing  the  results  of  the  best  analyses  of  various  compounds 
of  alumina,  and  by  carefully  repeating  the  analysis  of  alum.  (First 
Princ,  i.  285.)  The  result  of  this  inquiry  has  been  to  strengthen 
his  conviction,  that  the  relative  weight  of  the  atom  of  alumiua  it 
correctly  represented  by  IH;from  ivliich  number,  if  we  deducts 
(an  atom  of  oxygen),  we  obtain  10  for  the  equivalent  of  aluminum. 
This  number,  it  may  lie  observed,  agrees  with  Berzelius's  actouo; 
of  the  saturated  hytlrate  of  alumina,  as  nearly  as  can  I>e  expecird. 
if  we  consider  the  dilTicuity  of  obtaining  hydrates  with  exactly  iht 
proportion  of  water  essential  to  their  chemical  constitution ;  fur  if 
10(1  parts  of  alumina  combine  with  50  of  water  to  form  that  hydnic, 
it  will  consist  of  an  atom  of  aluniine  =  18,  and  an  atom  of  »iwr 
=  9.  The  hydrate,  dcscrilied  by  the  same  authority,  with  Ijj  of 
water  to  100  of  earth,  will  be  found  not  very  remote  from  I  atom 
of  water  to  3  of  alumina,  and  that  with  33  of  water  to  lUO  cvtb 
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corrciponds  very  nearly  with  2  atoinBorwatcr(18)  to  3  of  alumina 
(54).  The  hydrate  described  by  Dr.  Thomaon,  composed  of  equal 
weights  of  water  and  base,  must  of  courset  if  the  atom  of  alumine 
be  just  double  that  of  water,  he  a  hi-hydinte.  The  probability  that 
18  IS  the  true  atomic  weight  of  alumina,  will  be  confirmed  by  the 
analysis  of  some  of  its  salts. 

Salti  of  Jlhimina. 

Alumina  wUh  chlorine.— Ho  substance  (Sir  II.  Davy  observes) 
exists,  that  can  be  considered  as  a  true  conipoutid  of  alumina  and 
chlorine. 

Muriate  of  alumina  maybe  formed  by  dissolving  fresh  precipitat- 
ed alumina  in  muriatic  acid,  but  the  acid  is  always  in  excess.  It 
is  scarcely  possible  to  obtain  this  salt  in  crystals,  for  by  evaporation 
it  becomes  a  thick  jelly.  It  is  rxtnimcly  soluble  in  water,  and 
when  dried  doliriuialcs.  At  a  high  temperature  it  abanilona  its  acid. 

Nitrate  of  alumina  may  be  formed  in  the  same  manner  as  the  last- 
mentioned  compound.  The  solution,  which  is  always  acid,  crys- 
tallizes in  thin  ductile  plates.  The  crystals  are  extremely  soluble, 
and  arc  dcliiiuescenu  when  dried  by  pressure  between  folds  of 
blotting-paper,  Or  Thomson  finds  ihcm  to  consist  of  1  atom  of 
nitric  acid,  2  atoms  of  base,  and  10  of  water.  By  a  stronger  heat 
it  loses  a  portion  of  its  acid. 

.^kan.'^ Sulphate  of  Alumina. 

Alum  and  sulphate  of  alumina  are  often  confounded  together 
under  the  same  name;  but  alum,  as  will  afterwards  appear,  is  not  a 
mere  combination  of  this  earth  with  sulphuric  acid ;  but  is  a  triple 
salt,  composed  either  of  sulphuric  acid,  alumina,  and  potassa  ;  or 
of  sulphuric  acid,  alumina,  and  some  other  base.  It  has  the  fol- 
lowing characters : 

(a)  It  has  a  sweetish  astringent  taste.  Its  specific  gravity  is  1.71. 
Its  crystals  are  regular  octahedrons,  often  of  great  size  and  beauty. 

(6)  It  dissolves  in  water,  five  parts  of  which,  at  60°,  take  up  one 
of  the  salt,  but  hot  water  dissolves  about  three-fourths  of  its  weight. 

(c)  This  solution  reddens  the  blue  colour  of  litmus  decidedly, 
end  that  of  tincture  of  cabbage  slightly;  but  blue  tinctures  from 
the  petals  of  plants  are  generally  turned  by  it  green.  (Quart.  Jouni. 
xviii.  39G.) 

((f)  When  mixed  with  a  solution  of  carbonate  of  potassa,  an  ef- 
fervescence is  produced,  and  the  first  portions  of  alkali,  that  are 
added  to  a  solution  of  sulphate  of  alumina,  do  not  occasion  any 
precipitate.  On  a  farther  addition  of  alkali,  the  alumina  is  preci- 
pitated, in  combination  with  carbonic  acid.  The  presence  of  or- 
ganic substances,  according  to  Rose,  prevents  the  precipitation  of 
alumine  in  small  quantity  from  acids.  (34  Ann.de  Ch.etde  Ph.  373.) 

(e)  Alum,  when  heated,  swells  up,  loses  iU  regular  form,  and 
becomes  a  dry  spongy  mass,  called  burnt  alum.  If  the  heat  be  con- 
siderable, it  loses  part  of  its  acid ;  but,  according  to  Vauquclin,  the 
whole  of  its  arid  rannot  be  thus  expelled. 
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(f)  Alum  n  flfcomposeil  by  clinrr.onl  at  a  red  heal,  and  ibc  p«- 
duel  U  the  pyro/'/'on/s  i>f  Humlrr^.  To  prepare  this.  «<iu&l  p*»» 
of  powdcr<tl  alum  ant)  brown  tui5»r  arc  melted  over  the  Grt.iad 
arc  kept  Blirriiig  till  redutcii  to  dryncM.  The  mixtwrr,  wbcn  cnU, 
ifl  lo  1)6  finely  powikri'd,  and  introduced  into  a  comiiKin  pbUl, Mat- 
ed wUh  clay,  lo  which  a  gloss  tube,  open  at  each  tnd,  is  lo  be  hi- 
ed, to  allow  the  escape  oflhe  i:a»f!i  thai  arc  produced.  The  pliial 
muit  then  be  «ci  in  the  fire,  surrounded  by  sand,  in  a  cniUUr. 
Gas  will  issue  from  the  open  end  of  the  tube,  and  may  be  taSatncd 
by  a  lighted  paper.  When  ihis  ceases  to  escape,  the  crudbk  Bay 
be  removed  from  the  fire,  and  a  litlle  tnoiat  clay  pressed  don«^ 
on  the  open  end  of  ihe  lube,  to  ptevent  the  access  of  air  to  iheei» 
.'tents  of  the  phial.  When  cohfc  the  tube  may  be  remove^  and  a 
cork  substituted  in  its  place.  The  principal  difficnllf  in  lb*  pro- 
cess is  to  slop  it  preci.iely  at  the  period  whea  ihe  pyiophaf«rii 
formed  ;  for,  if  the  heat  be  continued  longer,  ihc  prepantioo  will 
be  spoiled. 

Gay  Lussac,  in  preparing  pyrophonis,  siibxtitntrs  Ump-Mtek 
with  great  advantage.  During  it*  formation  in  a  stone-warr  rcUri, 
he  obiHined  products  which  show  that  the  combustible  nttdiK  Is 
in  part  a  sulphuret  of  poiassium  with  several  aioma  of  Mlpbnf' 
s  of  potassium  exists  in  il,  for  the  pyrophmrus  Una  ob- 

"  ''    'n  air,  with  an  evohiikw  olMt 

water.  Sulphai*  oT  nagarria 
n.  But  the  most  eombtistible 
red,  was  ohtained  by  calcining 
i  parts  of  lamp-black  with  •ZT.'s  parts  of 
sulphate  uf  potassa.  Unlike  common  pyrophorus,  this  species 
does  not  require  a  humid  atmosphere  lo  set  il  on  fire,  nor  does  it 
give  sulphurous  acid  in  burning;  but  it  agrees  with  ihc  common 
kind  in  not  deromposing  water.  This  last  character  proves  the 
absence  of  unrombined  potassium,  of  which  metal,  in  the  state  of 
a  sulphuret,  diffuse<l  through  finely  divided  sulphur,  the  neu  pyro- 
phorus  appears  to  consiit.  Sulphate  of  soda,  freed  from  water, 
maybe  substituted  for  sulphate  of  potassa.  (Ann,  de  Ch.eidc 
Ph.  April.  l«-28.) 

Componilion  nf  alum. — Considerable  diflcrcnces  exist  in  the  stiie- 
ments  which  ba*e  'leen  given  by  different  analysts  of  the  composi- 
tion of  alum,  as  Hill  appi-ar  from  ihe  following  table  : 


tained,  though  highly  infiar 
phurous  acid,  does  not  decc 

he  finds  may  he  substituted 
compound  of  this  kind,  ■ 


Do. 


■orrecled  by  Thomson 

Dr.  Thomson 

■f  these  diferen< 


laau    la-ju    Av..3i 


10..-, 


43..^: 


stance,  that  in  calculating  the  sulpli 

sulphate  of  baryta  has  been  stated  differently.     When  well  edulco- 
rated, dried,  and  ignited,  the  barytic  sulphate,  has  been  estimawd 


J.8G        ().fiL 
).  8lj       9.  Wl     -15. 
I.  "J.  SO     46.4 

ed  lor  by  ihc  cirrum- 
d,  the  composition  of 
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to  rontaiti,  in  every  100  grains,  S3.9  grains  of  real  sulphuric  acid; 
but  these  numbers  arc  to  be  regarded  as  provision u1.  (See  p.  510.) 
Diflereiit  views  also  have  been  taken  of  the  Nt^iic  of  cuiiibinalioD 
in  ^vliich  the  potassa  and  sulphuric  acid  exist  in  alum.  Mr.  R. 
Phillips  considers  the  constitution  of  crystallized  alum  to  be  as 
follows,  a  slight  alteration  of  his  experimental  results  being  made 
to  accommodate  them  to  atomic  proportions,  and  the  atom  of  alu- 
mina being  taken  ut  Sr. 

1  atom  of  bi-3ulphate  of  potassa      •     -    -     128 

2  atoms  of  sulphate  of  alurnin:!  (67  X  2)       134 
25  atoms  of  water  (9  x  23) 225 

Weight  of  its  atom,       487 
Dr.  Thomson,  however,  docs  not  admit  that  bi-sulphatc  of  po- 
tassa exists  In  alum,  and  contends  that  it  is  constituted  of 
1  atom  of  sulphate  of  potassa     .     .    -     -       8S 

3  atoms  of  sulphate  ol  alumina  (58  X  3)  -     174 
25  atoms  of  water  (9  X  25) 225 

Weight  of  its  atom     -     487 
It  is  obvious  that  the  atomic  weight  of  the  crystals  is  the  same, 
whether  we  consider  alum  as  containing  aulpbatt  or  bi-mlphate  of 
potassa,  the  theoretical  view  of  its  constitution  depending  entirely 
on  the  atomic  weight  which  we  assign  to  alumina.   Now  the  tiuet- 
tion,  whether  the  equivalent  of  alumina  be  18  or  27,  must  be  set- 
tied  by  taking  into  view  the  compounds  which  that  base  forms 
with  other  substances,  and  it  has  1>ecn  already  shown  that  the  com- 
position of  the  hydrates  agrees  best  with  the  opinion  that  18  is  the 
true  numlter.     To  this  evidence  may  be  added  that  which  Dr. 
Thomson  has  derived  in  favour  of  the  same  atomic  weight,  from 
examining  analyses,  which  have  been  made  by  other  persons,  of  a 
great  variety  of  crystallized  minerals.  (First  I'rinc.  of  Chem.  i.  288.) 
Jhrnnoniaeal  olwn  has  been  examined  by  Itiffault,  (Ann.  de  Chim. 
ei  de  Phys.  ix.  litTi),  who  found  it  to  consist  of 
1  atom  uf  sulphate  of  ammonia, 
3  atoms  of  sulphate  of  alumina, 
24  atoms  of  water. 
In  this  species  of  alum,  M.  Hiffault  concludes  that  1 1.906  of  alu- 
mina arc  united  with  2R.979  of  sulphuric  acid,  the  remaining  9.063 
of  the  acid  being  combtni'd  with  3,(108  uf  ammonia. 

In  the  Quarterly  Journal  (viii.  3HG)  an  alum  containing  «0(£a  as 
its  alkaline  l)ase,  is  described.   It  appears  to  l)e  constituted  of  51.2 
water,  32. 14  sulphuric  acid,  10  alumina,  and  6l32  soda,  or  of 
2atuiiis  uf  sulphate  uf  alumina, 
1  atom  of  bi-su]pbate  of  soda, 
28  atoms  of  water. 
Ill  vol.  xiii.  p.  276  of  the  same  Journal,  Dr.  Ure  assigns  nearly 
the  same  proportions  to  a  soda  alum  examined  by  him. 

Magntna,  also,  it  appears,' is  capable  of  furnishing  a  base  to 
alum ;  but,  like  the  last  species,  it  has  not  yet  been  applied  to  any 
useful  )>urpose. 
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S  nmlral  tulpkeite  of  aluminn  was  ul>taini.'d  by  Bcmlins  \rf  the 
following  process: — He  deconipused  alum  by  -dmTDonia ;  wMbed 
thr  precipitate,  and  redissolved  it  in  sulphuric  acid.  To  the  liiitwr, 
after  evaporation,  he  added  alcohol,  winch  threw  down  a  sulpktie 
nearly  nculrai,  and  rendered  perfectly  so,  by  bein^  washH  with 
farther  portions  of  alcohol,  tfay  Luasac  has  also  ^ivejt  the  folki*- 
in^  process,  communicated  to  him  by  Descosllls,  for  prrpariaga 
neutral  sulphate  of  alumina.  On  alum  with  liase  of  ammoaia,  t>o«I 
nitro.muria.tic  acid  till  alt  the  ammonia  is  destroyed,  and  etuiih 
rate  to  dryness  to  expel  all  the  nitric  and  muriatic  acidt.  The 
ammonia  is  decomposed  by  the  chlorine,  which  results  from  t^ 
mutual  action  of  those  two  acids,  and  the  alumina  remains  in  con> 
bination  with  sulphui^c  acid  only.  The  saturated  solntion  of  thk 
aalt  in  water  is  an  cTcellent  test  to  discover  potassa ;  for  a  drop  nr 
two,  added  to  a  solution  of  that  alkali,  or  of  any  of  its  &alti,  luBC- 
diatcly  causes  a  precipitation  of  alum.  (,\nn.  de  Chim.  «  ik 
Phys.  vi.  201.)  It  most  probably  consists  of  1  atom  of  icid  +  1 
atom  of  base.  This  appears,  also,  to  be  the  constitution  at  the 
native  sulphate  from  Sal  dan  a,  described  by  Boussing'ault,  favwUcb 
the  sulphuric  acid  is  to  be  the  base  aa  1.82  to  0.80,  or  aa  40  to  18 
Tcry  nearly.     (Ann.  de  Ch,  el  dc  Ph.  xxx.  110.) 

The  subsulphale  of  alumina  and  potassa,  obtained  by  pnarini 
pota«sa  into  a  boiling  hot  solution  of  alum,  formerly  caJled  nkai 
naturalal  with  Us  mrth,  has  been  analyzed  by  M.  Ri^ilL  f  Abk 
de  Ch.  el  de  Phys.  xvi.  35.1),  and  found  to  consist  of 

Sulphuric  acid 36.187 

Alumina 35.165 

Potassa 10.834 

Water 17.824 

100. 
Now  of  the  sulphuric  acid,  9,02  parts  must  have  been  engaged 
by  the  potassa,  leaving  2r.lG"  parts  of  acid  united  with  35.l6i  of 
alumina,  a  proportion  agiteing  so  very  nearly  with  that  of^Olo 
,54,  that  we  can  have  little  hesitation  in  admitting  an  atom  of  sul- 
phuric acid  (40)  to  be  combined  with  Z  atoms  (18x3  =  54)  of 
base.  The  native  subsulphate  or  aluminile,  found  by  Stromeyer  to 
contain  .10  acid,  24  base,  and  45  water,  approaches  also  very  close- 
ly to  the  same  atomic  constitution.  We  have,  therefore,  two  com- 
bitiutions  uf  sulphuric  acid  and  alumina  distinctly  made  out,  ru. 

Tiie  sulphate  existing  in  alum  ■     1      +      I 

SuhtrisulpUate 1     +     3 

To  these  Dr.  Thomson  (lib.  cit.  i.  313)  adds  a  third,  consisting 
of  1  atom  oC  arid  +  2  of  alumina,  which  he  calls  a  diirtilphaSu  tiu; 
he  has  nut  described  any  process  by  which  it  may  with  certainly 
be  obtained. 

The  remaining  salts  of  alumina  have  no  properties  sufficientlt 
important  to  entitle  iliem  to  a  separate  description,  with  the  excep- 
tion of  a  r.-w.  which  will  he  iiientioned  hcn'after. 


Ziramiwn. 

The  base  of  zlrcania,  or  zirconiiim,  was  investigated  by  Sir  H. 
Davy  in  the  saint:  maiuivr  as  the  bases  of  other  earths.  When  po- 
tassium was  brought  into  contact  with  i^ited  zirconia,  putassn 
was  formed,  and  dark  metallic  particles  were  diffused  thi-uu);h  the 
alkali. 

Berzeliusobtainszirconiumbf  a  process  analogous  to  that  which 
he  uses  in  Hceomposin);  silica*  When  thus  procured,  it  is  as  black 
as  charcoal;  is  not  oxidized  cither  by  water  tir  muriatic  acid,  but 
atjua  ret;ia  and  fluoric  acid  tioth  dissolve  it,  the  latter  with  a  dis- 
enga^mcnt  of  hydrogen.  At  a  slightly  elevated  temperature,  it 
Iiurns  with  extreme  intensity.  It  combines  with  sulphur,  forming 
a  chcsnut  brown  sulphurct,  which  is  insoluble  in  muriatic  acid  and 
in  alkalies,  and  bums  brilliantly,  forming  sulphurous  acid  and  zir- 
conia.    (Ann.  of  Phil.  N.  S.  riii.  123.) 

Zfrconiff. 

I.  This  earth  was  discovered  by  Klaproth,  in  the  year  178!),  in 
a  precious  stone  from  the  island  of  Ceylon,  called  Jargon  or  Zir- 
con, and  has  since  been  detected  iu  the  Hyacinth. 

MM.  Dubois  and  Silvcira  have  described  the  method  of  obtain- 
ing zircunia  from  zircons  as  follows: — I'owder  the  zircons  very 
fine,  mix.  them  with  two  parts  of  pure  potassa,  and  heat  them  red 
liot  in  a  silver  crucible  for  an  hour.  Treat  the  substance  obtained 
with  distilled  water,  pour  it  on  a  filter,  and  wash  the  insoluble  part 
well ;  it  will  be  a  comjiound  of  zireonta,  silica,  potassa,  and  oxide 
of  iron.  Dissolve  it  in  muriatic  acid,  and  evaporate  to  dryness,  to 
separate  the  silica,  lie-dissolve  the  muriates  of  zirconia  and  iron 
in  water;  and  to  separate  the  zirconia  which  adheres  to  the  silica, 
wash  it  with  weak  muriatic  acid,  and  add  it  to  the  solution,  l-'ilter 
the  lluid,  and  precipitate  the  zirconia  and  iron  by  pure  ammonia ; 
wash  the  precipitates  well,  and  then  ti-cat  the  hydrates  with  oxalic 
acid,  boilmg  them  well  together,  that  the  acid  may  act  on  the  iron, 
retaining  it  in  solution  while  an  insoluble  oxalate  of  zirconia  is 
formed.  It  is  then  to  be  filtered,  and  the  oxalate  washed,  until  no 
iron  can  be  detected  in  the  water  which  passes  through.  The 
earthy  oxalate  is,  when  dry,  of  an  opaline  colour;  after  being  well 
washed,  it  is  to  be  decomposed  by  heat  in  a  platinum  crucible. 

Berzelius  separates  oxide  of  iron  from  zirconia,  by  precipitating 
a  neutral  solution  of  zirconia  with  liquid  sulphate  of  potassa.  The 
oxide  of  iron  remains  dissolved.  The  same  object  may  be  attaiiieil 
by  more  complicated  methods  which  be  has  described  in  an  ela- 
borate memoir  on  this  earth.    (.\nn.  de  Ch.  et  de  Ph.  xxix.  J.ir.) 

When  thus  obtained,  zirconia  is  perfectly  pure,  but  is  not  sidu- 
blc  by  acids.  To  render  it  so,  it  nmst  he  re-acted  on  by  potassa  as 
before,  and  then  washed  until  the  alkali  is  removed.  Afterwards 
dissolve  it  in  muriatic  acid,  ami  precipitate  by  amnionta.    The  hy- 
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dratc  thrown  dowii,  when  well  washed,  is  pcrr^cllf  pure,  taita^ 
soluble  in  ucids.    (Ann.  of  Phil.  Sew  Series,  i.  74.) 

II.  Zirconia  has  the  following  nruperties  : 

1.  It  has  the  form  of  9.  fiuc  while  jiowder,  which,  when  nhhei 
between  the  fingers,  ha^  somewhat  of  ibe  harsh  feel  of  silica,  hit 
entirely  destitute  of  taste  and  smell.  Its  specific  gra\-ity  ci(«^i  4. 

S.  It  is  insoluble  in  water;  yet  it  appears  ti>  have  some  aCahj 
for  that  fluid,  for  it  retallis,  when  slowly  dried  after  precipitatJoa, 
one-third  its  weight,  antl  assumes  a  yellow  colour  and  slif{tit  tnss- 
parency,  Hlie  that  of  gum  arable.  The  hydrate  was  found  bj  Ber- 
ulitis  to  contain, 

Zireonia 87.11 

Water 14.89 

loa 

3.  It  is  insoluble  in  pure  liquid  alkalies;  nor  does  itevcacomUM 
with  them  by  fusion.  It  is  soluble  in  alkaline  carbonaiu;  tal.  ac- 
cording to  Berzclius,  not  easily  or  perfectly  in  thnt  orunBMi^ 

4.  Exposed  to  a  stronf;  heat,  zircniiia  fuses,  assumes  •  fiefa(K<*T 
colour,  and  such  hardness,  on  cuuling.  as  to  strttLc  firv  witk  ated, 
and  to  scratch  glass,  or  even  rock  crystal- 

5.  Its  action  on  other  earths  has  not  been  fuUv  invesUnmi^ 

6.  It  dissolves  readiJy  in  acids.  Its  soluiian  in  muruiic  nciil, 
when  sufficiently  heated,  becomes  milk  white,  and  mna  in  loaie 
ineastire  into  a  jelly,  especially  if  con  rent  rated  to  a  n-rtiin  ivv.n* 
by  evaporation. 

7.  From  the  muriatic  sohition  of  zirconia,  oxalic  acid  thrnirs 
down  a  white  precipitate,  which  is  rc-dissolvcd  by  an  excess  of  the 
acid. 

8.  It  is  precipitated  from  its  acid  solutions,  by  the  neutral  suc- 
cinates and  benzoatCB,  in  copious  white  bulky  flocks,  which  are 
again  readily  dissolved  by  an  excess  of  succinic  acid.  It  is  slso 
thrown  down  from  its  solutions  by  tartaric  acid,  malic  acid,  and 
tartrate  ofpotassa. 

9.  From  a  suflicicntly  neutral  solution  of  zirconia,  fcrro-cyinaie 
of  potassa  throws  down  a  greenish  blue  precipitate,  which,  on  add- 
ing muriatic  acid,  becomes  more  blue,  but  after  some  time  chan^ 
into  celadon  green. 

10.  Hydrosulphurct  of  ammonia  produces,  in  the  muriatic  solu- 
tion of  zirconia.  a  dark  olive  or  blackish  green  precipitate  in  very 
loose  flocks.  This  precipitate  may  be  washed  with  water  without 
changing  colour;  but,  when  exposed  to  sunshine,  it  becomes  whiif- 

Professor  I'fafl'  has  remarked,  that  in  most  of  their  properties 
iheiv  is  a  striking  resemblance  between  zirconia  and  oxide  of  tita- 
nium. The  only  re-aj^-nt,  which  acts  in  a  strikingly  different  man- 
ner upon  solutions  of  oxide  of  titanium  and  zirconia,  is  tincture  of 
galls,  which,  from  the  common  sulution  ofoxidc  of  titanium,  throws 
down  a  reddish  brown  ]irccipitate.  whereas  from  solution  of  lirconii 
it  occasions  a  deposition  of  yellow  flocks.    (Ann.  of  FhiU  xiii.  8S.; 

We  have  as  yet  no  good  data  for  calculating  the  atomic  weipfc' 
of  zirconia,  but  Dr.  Thomson  considers  it  probable,  from  mmk 
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experiments  of  his  own,  that  it  is  48.   (First  Princ  L  335.)  Berxe- 
lius  considers  zirconia  as  constituted  of 

Zirconium    -    -    -    73.686    -    -    -    100. 

Oxygen    -    -    -    -    2^314    -    -    -      35.697 

loa 

This  would  give  the  proportion  of  oxygen  to  the  metallic  base 
as  8  to  22.32.    (An.  de  Ch.  et  Ph.  xxix.  337.) 


SECTION  XII. 

dictum. 

In  his  attempts  to  obtain  the  base  of  silica^  or  aiHciumj  in  a  state 
of  perfect  separation,  Sir  H.  Davy  was  unsuccessful ;  but  the  results 
of  his  experiments  left  no  room  to  doubt  that  this  earth  is,  like  the 
rest,  compounded  of  oxygen  with  a  peculiar  base.  Berzelius  after- 
wards decomposed  silica,  by  fusing  it  with  charcoal  and  iron  in  a 
blast  furnace.  He  obtained  an  alloy  of  iron  and  ti/tdtim,  which,  by 
the  action  of  a  diluted  acid,  gave  more  hydrogen  than  the  same 
weight  of  iron.  (81  Ann.  Ch.  179;  see  also  his  account  of  an  at- 
tempt to  analyze  silica,  in  40  Phil.  Mag.  201.)  This  process  was 
successfully  repeated  by  Stromeyer,  and  the  properties  of  the  dif- 
ferent alloys  investigated.  He  recommends  the  fusion  of  7  parts 
of  iron,  5  of  silica,  and  from  ^th  to  iV^hs  of  a  part  of  toot.  From 
the  results  of  acting  on  the  alloy  by  dilute  acids,  Benelius  infers 
silica  to  consist  of 

Silicium    ....    45.92    .    .    .     toa 
Oxygen     ....    54.08    -    -    -    117.38 

100.  217.38 

In  attempting  to  reduce  fluoric  acid  by  potassium,  Berzelius  sue- 
ceeded  in  decomposing  silica,  and  obtaining  silicium  in  an  insulated 
state.  (Ann.  de  Ch.  et  de  Phys.xxviL  337.^  Potassium,  carefully 
purified  by  distillation,  when  burned  in  silicated  fluoric  acid  gas, 
condenses  it,  and  a  brown  substance  is  separated,  which,  after  being 
boiled  in  water  and  dried,  bums  in  oxygen  gas,  producing  no  car- 
bonic  acid,  but  yielding  silicated  fluoric  acid  and  silica.  The  resi- 
due of  the  combustion,  treated  with  fluoric  acid,  gave  silicated 
fluoric  acid,  and  its  colour  was  rendered  much  darker.  Thrown 
on  a  filter,  washed,  and  dried,  it  was  pure  silicium,  which  may  be 
obtained,  also,  by  heating  potassium  in  a  glass  tube  with  dry  sili- 
cated fluate  of  potassa.  The  product,  by  being  well  washed  with 
water,  yields  a  compdund  of  silicium  and  hydrogen,  from  which 
the  latter  may  be  detached  by  heating  in  a  crucible. 

Pure  silicium  is  incombustible,  even  in  oxygen  gas.  It  is  not  at* 
tacked  by  water,  aqua  regia,  sulphuric  or  nitric  acid,  nor  by  caustic 
potassa ;  but  fluoric  acid,  especially  with  the  addition  of  a  little  nitric 
acid,  has  a  solvent  action  on  it.  When  heated  with  nitre,  if  a  small 
fragpnent  of  dry  carbonate  of  soda  be  plunged  into  the  mixture,  de- 
tonation immediately  ensues.  When  the  vapour  of  sulphur  is  brought 
Vol.  I.  3  Y 
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inlo  contact  wUh  ignilcd  ttUicium,  Ihc  Utter  raddeolr  b 
candescent.  The  resulting  sulphuret  decomposes  watar  with  a- 
ipetne  rapW'tf;  ■"'l'*""'^'^'!  hydrogen  is  evolved;  wul  lJ>e  wuh 
dissolves  so  much  of  the  newly  regenerated  Bilic*,  tbmt  ll  thickem 
add  coagulates  during  evaporation,  and  lets  fall  a.  giimniy  tna.*r 
parent  mass. 

In  chlorine  gas,  silicium  takes  firu  at  a  red  l»cat,  and  a  Mtj^Uy 
yellow  liquid  is  formed,  with  an  odour  reaenibUoe  that  of  cyavogcB. 
extremely  volatile,  tmd  when  water  is  added,  setUng  and  dcpo«tui( 
gelatinous  silica.  Oersted  has  obtained  chloride  of  EiUcimn  by  ex- 
posing a  heated  mixture  of  silica  and  charcoal  to  cWiirine.  ihe  ex- 
ccss  of  which  he  removed  by  mercury  and  subsequent  diatilblioo. 
In  this  way  he  obtained  a  transparent  fluid,  having  Ihe  s*prct  rf 
sulphuric  ether,  and  which  boiled  under  212°  Falir.  (Abb-  de  Ck 
etdc  Ph.) 

When  heated  with  carbonate  ofpolassa,  silicium  exhibit*  a  bril- 
liant inflammation,  and  carbonic  acid  is  cvol»ed.  ^Vilh  lie  by- 
dralcs  of  the  iixed  alkalies,  it  detonates  and  produces  a  oitid  oKaa- 
dcKCcnce  at  a  temperature  below  redness.  Nitrate  of  potaMaacti 
upon  il  only  after  the  destruction  of  the  nitric  acid  by  beat. 

Silicium  is  a  uon-couductor  of  electricity.  It  does  not,  wbea 
once  reduced,  combine  easily  with  other  metals,  though  silica,  re- 
duced along  with  other  metals,  readily  yields  alloys  of  aUidunL 
The  base  of  silica  has  been  considered  by  Sir  H.  Davy  and  by 
Dr.  Thomson,  as  offering  a  closer  analogy  with  borxm  and  carbon 
Ihaii  with  meliils,  and  hence  they  have  chosen  to  call  it  li/iViwi. 
Bera.'liu3.  however,  with  whom  I  am  disposed  to  agree,  docs  not 
coincide  in  this  view  of  its  uature,  and  still  continues  to  g-ive  it  the 
name  of  niliciiim.  From  synthetical  experiments,  JS  parts  unite 
with  :>£  of  oxygen.  Supposing  the  elements  of  silica  tu  be  in  equal 
weights,  the  same  number  would  represent  silicium  and  oivgen; 
and  that  this  is  its  true  atomic  weight.  Dr.  Thomson  is  induced 
to  believe,  by  an  examination  of  various  compounds  of  silica,  the 
equivalent  number  of  which,  supposing  it  to  consist  of  an  aiom  of 
base  and  an  atom  of  oxygen,  will  be  16. 

Silica. 
I.  Siliceous  earth,  or  silica,  may  be  obtained  tolerably  pure  by 
the  following  process : — Procure  some  common  gun-flints.  Mid 
cakine  them  in  a  crucible  in  a  low  red  heat.  By  this  irvatmeiii 
they  will  become  brittle,  and  easily  reducible  to  powder.  Mix  ibcm. 
when  pulverized,  with  three  or  four  times  their  weight  of  carboni'.e 
of  potassa,  and  let  the  mixture  be  fused  in  a  strong  red  hcaU  in  a 
crucible.  The  materials  must  bear  only  a  small  proportion  to  thi; 
capacity  of  the  crucible  ;  and  the  heat  must  at  first  be  very  mode- 
rate, and  slowly  increased.  Even  with  this  precaution,  the  misi. 
on  entering  into  fusion,  will  be  apt  to  overflow  ;  and  must  l>c  pna- 
ed  down  as  il  rises,  by  an  iron  rod.  When  this  effervescence  hu 
ceased,  let  the  heal  be  considerably  raised,  so  that  the  maleriils 
may  be  in  perfect  fusion  during  half  an  hour,  and  pour  the  melifd 
muss  on  a  copper  or  iron  dish.  We  shall  thus  obtain  a  compoUKl 


of  alkali  and  siliceous  earth.  Dissolve  this  In  water,  filter  the  ao- 
lution,  and  pour  it  into  diluted  sulphuric  or  muriatic  acid.  An 
immediate  precipitation  will  ensue,  and,  as  lon^  as  this  continues, 
add  fresh  oartions  of  the  solution.  In  precipitatinfr  the  alkaline 
■olution  of  silica,  more  acid  must  be  used  than  is  sufficient  to  en- 
ga|^  the  alkali ;  and  the  alkaline  liquor  must  be  added  to  the  acid, 
and  not  the  reverse ;  for,  in  the  latter  case  the  precipitate  will  be 
glass,  and  not  silica.  Let  the  precipitate  subside,  pour  off  the 
liquor  that  floats  above  it,  and  wash  the  sediment  with  hot  water, 
till  it  comes  off  tasteless.  Then  dry  it.  (See  also  Faraday's  Chen. 
Manip.  $  164.} 

Silica,  obtained  by  this  process,  though  pure  enough  for  the 
following  experiments,  may  still  contain  a  portion  of  alumina.  To 
separate  the  latter  earth,  boil  the  precipitate  with  diluted  sulphuric 
Rcid,  to  which  a  little  sulphate  of  potassa  may  be  added.  The  alu- 
mina will  thus  be  dissolved;  and,  the  silica  may  be  freed  from  the 
solution  of  alum  by  repeated  washings  with  water.  Even  silica, 
however,  that  has  been  most  carefully  washed,  still  gives  traces  of 
potassa  on  the  application  of  electro-chemical  powers.  (Davy.) 
According  to  Mr.  Urande,  silica  may  be  obtained  of  sufficient  puri- 
ty for  most  purposes,  by  heating  rock>crystal  to  redness,  quenching 
it  in  water,  and  then  reducing  it  to  fine  powder. 

11.  Siliceous  earth,  as  thus  obtained,  has  the  following  qualities : 

(a)  It  is  perfectly  white  and  tasteless.  It  is  infusible  by  the  in- 
tense heat  of  Voltaic  electricity;  (Phil.  Trans.  ISIJ,  p.  370;)  but 
was  melted  by  Dr.  Clarke  with  the  oxygen  and  hydrogen  blow-pipe. 
To  a  certain  degree  it  appears  to  be  volatile,  for  a  filamentous  sub- 
stance, collected  from  iron  furnaces,  and  resembling  amiatithus, 
was  found  by  Vauquelin  to  he  pure  silica. 

(6)  When  mixed  with  water,  it  does  not  form  a  cohesive  mass 
like  alumina,  but  has  a  dry  and  harsh  feel  to  the  fingersi  It  retains, 
when  fresh  precipitated,  about  S6  per  cent,  of  water,  after  being 
dried  at  70°  Fahr.  According  to  Berzclius,  this  water  is  not 
chemically  combined ;  but  Dr.  Thomson  describes  several  hydrates 
of  silica,  in  which  the  water  is  present  in  atomic  profiortion. 

(e)  It  is  insoluble  in  water.  Yet  when  fresh  precipitated,  water 
has  the  property  of  retaining  in  solution  about  one  thousandth  of 
its  weight.  (See  Klaproth's  Contributions,  L  S9E),40a)  That  sili* 
CB,  however,  is  dissolved  in  water  by  processes  of  nalnre,  can 
scarcely  be  doubted,  when  it  is  considered,  that  it  is  found  in  con- 
.■iderable  quantities,  in  a  crystallized  form.  Its  extreme  solubility, 
when  newly  formed,  is  established  by  the  observation  of  Berzelius 
already  cited. 

(<0  It  is  not  considerably  acted  on  by  any  acid,  except  the  fluoric, 
but  most  acids,  even  the  carbonic,  dissolve  a  minute  quantity. 
(Karsten  in  Jameson's  Joum.  Jan.-March  1827,  p.  393.)  Sulphuric 
acid,  according  to  Dalum,  after  expelling  the  fluoric  acid  from 
fluate  of  lime,  does  not  unite  with  the  silica.  But  though  the 
earth  itself  is  scarcely  dissolved  by  acids,  yet  when  first  combined 
with  an  alkali,  it  unites  with  several  acids,  forming  triple  salts. 
(81  Ann.  de  Chim.  239.)    When  fresh  precipitated,  however,  it 
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is  sparingly  soluble  in  most  acids ;  and,  for  tlu«  reafton.  Dr.  Mirot 
advises,  in  analysis,  to  precipiute  silica  hj  murtatc  of  ftmmoai^ 
rthich  docs  nol,  like  the  acids,  redissolve  iL 

(c)  When  prepared  in  the  foregoing  manner,  and  very  miiwUlr 
divided,  silica  is  taken  up  by  a  solution  of  pure  potassA,  orofiBda, 
but  nol  by  ammonia.  In  the  aggregated  Ktatc  of  flinta,  bovcw.it 
U  perfectly  insoluble  in  this  way  by  alkaline  solutions  ;  aa  EiccOnt 
illustration  of  the  principle,  that  a  very  minute  division  of  *aU  bo- 
dies, by  prcseuiing  a  greater  surface  to  the  actioa  of  ftuid*,  bcili- 
tatcE  solution. 

(/)  When  mixed  with  an  equal  weight  of  carbonate  of  potasu, 
and  exposed  to  a  strong  heat  in  a  furaace,  it^'orms  a  ^ais  i»»««*s- 
blc  in  water,  and  identical  in  all  its  properties  with  the  gUw  coi»- 
moQly  manufactured.  It  ia  owing  to  the  siliceous  euth  vhkb  it 
contains,  that  glass  is  decomposed  by  the  fluoric  acid.  Gla«v 
however,  has  occasionally  other  ingreiiicnta,  besides  tbc  two  tlMt 
have  been  mentioned,  the  object  of  which  adnuxtnrcs  1ft  U  tAafi 
it  to  particular  purposes.  fKnt  glatt  is  forated  of  fiae  ajlifwiift 
aand, pearlasb,  litharge,  or  minium,  a  little  nitre, Mid* sauU^uB* 
tity  ot  manganese ;  crown  gloitfor  uinditw,  of  aodi,  fne  liBrwwii 
sand,  lime,  and  fragments  of  glass ;  green  Itotlle  giatt,  at  uad,  fcd^ 
pearlash,  clay,  and  fragments  of  glass;  and  jtlaic  gloit,  uf  fiitr  mm, 
soda,  lime,  manganese,  oxide  of  cobalt,  and  fragmenu  of  fctufc 
Patta  or  artifiei^  gem»,  are  only  another  variety  of  gUu,  into  the 
composition  of  which  borax  generally  enters,  the  coloor  being  giv- 
en by  various  meJallic  oxides,* 

{.gj  With  a  larger  proportion  of  potash,  as  three  or  four  pans  to 
one  of  silica,  this  earth  affords  a  compound,  called,  by  Dr.  Ulack, 
liiicated  potassa.  This  compound,  formed  by  the  process  which 
has  been  just  described,  is  soluble  in  water,  affording  a  solution 
which  was  formerly  termed  Hqtior  siliciim,  or  liquor  ofjtinti.  Acids 
seize  the  alkali,  and  piticipilate  the  silica,  which  is  even  separated 
by  mere  exposure  to  the  atmosphere,  in  consequence  of  the  absorp- 
tion of  carbonic  acid  by  the  alkali. 

A  boiling  solution  of  caustic  soda  readily  dissolves  pure  precipi- 
tated silica,  even  when  dried,  but  the  solution,  when  fully  charged 
with  silica,  continues  to  act  on  lest  colours  like  an  alkalL  By 
evaporation  and  drying  at  242°,  a  pale  yellowish  mass  remains,  (J 
a  perfect  glossy  transparency,  consisting  probably  of  1  atom  of  so- 
da, 8  of  silica,  and  13  or  14  atoms  of  water.  It  is  dcli()uesceDi 
and  soluble  in  waterj  and  the  solution,  if  not  too  dilute,  is  gelatiniz- 
ed by  adding  a  quantity  of  acid  precisely  equivalent  to  the  soda. 
If  the  smallest  excess  of  acid  be  present,  the  silica  is  not  precipi- 
tated. (Walcker,  in  Quart.  Journ.  N.  S.  iii.  372.) 

(A)  Baryta  or  stroniia,  and  silica,  combine  together,  in  a  man- 
ner similar  to  the  union  of  this  earth  with  alkalies ;  but  the  combi- 
nation has  not  been  applied  to  any  useful  purpose. 

(i)  When  a  solution  of  silica  in  potassa  is  mingled  with  one  of 
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baryta,  of  itrontia,  or  of  lime  in  water,  or  of  alumina  In' alkali,  a 

Erccipitation  ensues.  Hence  silica  may  be  inferred  to  have  an  af- 
nity  for  all  these  earths,  in  the  humid  way.  The  composition  of 
these  prccipiiatca  is  stated  by  Mr.  Ualton,  in  his  New  System,  p. 
541. 

In  consequence  of  its  possessing  a  stronger  affinity  for  alkalies 
and  earths  than  for  acids,  as  well  as  from  its  other  habitudes,  silicK 
has  been  thought  to  present  a  closer  analog'y  with  acids  than  with 
earths,  and  in  a  chemical  arrangement  to  be  more  properly  placed 
in  the  former  class  than  in  the  latter.  On  the  other  hand,  as  it  it 
deficient  in  some  of  the  characters  which  have  hitherto  been  deem- 
ed essential  to  acidity,  1  have  not  thought  it  expedient  to  remove 
it  from  the  place  which  it  has  generally  held  in  chemical  arninge- 
inents. 

Silica  is  a  very  abundant  product  of  nature.  It  constitutei  x 
principal  ingredient  of  fcveral  rocks  that  form  extensive  mountaii^ 
masses,  such  as  granite ;  it  composes  a  large  proportion  of  the  sand 
found  in  the  beds  of  rivers,  and  on  the  sea  shore;  and  it  enters 
largely  into  several  minerals  of  rarer  occurrence,  as  rock-crystalf 
quartz,  flint,  chalcedony,  cornelian,  opal,  tec.  It  constitutes  an 
CHcntial  ingredient  of  fertile  soils,  and  renders  them  porous  and 
open  to  the  transmission  of  moisture.  In  the  arts,  its  most  import- 
ant application  is  to  the  manufacture  of  glass,  and  a  certain  pro- 
portion is  of  use- in  the  composition  of  porcelain;  for  absolutely 
pure  clay,  without  an  admixture  of  siliceous  earth,  would  shrink 
too  much  to  be  fit  for  the  uses  of  the  potter. 

SiUcaltd  Ituoric  Add,  or  fhto-rilick  Add, 

Fluo-silicic  acid  ^as  may  be  prepared  by  pouring  on  finely  pow- 
dered fluor  spar,  mixed  with  half  its  weight  of  pulverized  glass,  an 
equal  weight  of  strong  sulphuric  acid.  The  gas  may  tie  received 
over  mercury  in  glass  vessels,  the  transpaiency  of  which  it  docs 
not  impair. 

1.  The  specific  gravity  of  this  gas  ia  very  high,  vis.  3.573  or  3.61, 
(3.60  Dumas) ;  UK)  cubic  inches  of  it  weighing  110. 7A  grains.  By 
causing  a  known  volume  of  it  to  he  absorbed  by  liquid  ammonia,. 
Dr.  John  Davy  separated  the  silica,  which  he  found  to  weigh  61.4 
per  cent,  of  ihc  weight  of  the  gas.  Dr.  Thomson,  from  40  cubic 
inches  (  =  44.05  grains)  obtained  27.14  grains  of  silica.  Hence 
we  may  conclude  that  fluo-silicic  acid  is  a  compound  of 

Fluoric  acid    -    .    .    -    i  atom  —  10 
Silica 1  atom  ■i  16 

Weight  of  its  atom     -     -    S6 
Herzelius,  however,  considers  it  as  consisting  of  3  atoms  of  acid 
+  2  atoms  of  silica. 

2.  Water  absorbs  about  263  times  its  volume  of  the  gas,  and  the 
solution  may  be  kept  in  glass  vessels  without  corroding  them.  Dur- 
ing its  absorption  it  deposits  silica,  and  retains  in  combination  only 
54.5  per  cent.    This  li(|uid  Dr.  Davy  calls  tub-nUcatedJluoTic  acui. 

3.  The  gas  condenses  twice  its  volume,  and  no  other  proportion, 


of  ainmoniacaIgas,rormiDg;a  dry  white  salt,  which  U  ulightly  acid, 
deposits  silica  by  solution  in  water,  auil,  when  its  conctnlrUnl  i» 
lution  is  boiled  In  glass  vessels,  powerfully  corrodes  tbcn.  By 
adding:  an  excess  of  liquid  ammonia,  the  whole  of  the  siUca  Upre- 
cipitated,  and  a  pure  fluaie  of  ammonia  is  obtuncd. 

4.  Tlic  eETecis  of  heating  potassium  in  silici-Quoric  gtx  b«vc  al- 
ready been  described  in  the  section  on  Silicium. 

Fluo-fiilicic  acid  unites  with  several  bases,  and  farms  umpomte 
which  have  been  investigated  by  Berielius.  These  he  is  ot  Dphuoa 
have  been  improperly  callcd/ftfO-si/iVo/ra,  because  fiuo-silictcacul  b, 
he  conceives,  not  an  acid  with  a  double  base  of  which  silica  U  ok 
clement,  but  «  hyiiro^ntr  ofniica,  capable  of  existini;  in  the  g»»c 
— s  slate.    The  reader  who  attentively  r — u—  -i-:-  -i —    — ;" 


find  it  perfectlv  consistent  with  the  opinion  that  fluor  «pir  may  he 
aftiMindt  of  calcium,  as  suggested  at  page  S54.  In  that  cue  we  may 
^conceive  the  changes,  thai  take  place  in  the  formaiion  itf  the  gaa. 
to  be  as  follows  : — An  atom  of  sulphuric  acid,  ^^  1  xtoot  ml  acid, 
-|-  1  atom  of  water,  acts  upon  1  atom  of  fluor  spar  sa  1  aum  &«<^ 
rinc  +  I  atom  calcium.  The  atom  of  water  is  dccompMcd;  ita 
oxygen,  uniting  with  the  calcium,  forms  lime,  which  combmn  with 
the  redundanl  aulnhuric  acid;  its  hydrogvn,  with  the  disengaged 
atom  of  Buorine,  forms  hydro-fluoric  acid,  which,  while  in  a  ■■>- 
cent  state,  unites  with  silica,  and  composes  the  pectdiar  ga^  TUi 
view,  hypothetical  as  ii  certainly  is,  appears  to  me  more  probable 
than  ilie  supposition  that  the  gas  is  a  compound  of  fluorine  anil 
silicium ;  for  any  person,  who  will  attend  to  the  following  diagram, 
will  see  that  the  phenomena  are  sufficiently  explained,  without  sup- 
posing the  decomposition  of  silica  into  its  elements. 
Hydro-fluoric  acid. 


I  Real  acid  I 

Sulpb.  Fluor 

Calcium  J» 

I      Spar. 


fOxyg. 
iHydr. 


Sulphate  of  Lime. 

The  generic  and  specific  characters  of  the  fluo-silicaies  are  fulii 
described  in  the  memoir  by  Berzelius,'which  may  .be  found  in  ihf 
27th  vol.  of  Arm.  dc  Chim,  el  dc  Phys.  or  in  the  8ih  vol  N.  S.  of 
Annals  of  Philosophy. 

I'hio-silicic  acid  unites  with  iodine,  when  the  vapours  of  both  sub- 
stances are  brought  into  contact.  The  addition  of  water  causes  a 
precipitation  of  silica,  and  the  whole  of  that  earth  is  thrown  do«Ti 
by  ammonia.  The  li(|uid,  which  is  at  first  alkaline,  on  being  heated 
l>eeomcs  acid,  and  beinj^  filtered  and  cooled  deposits  small  rrystah 
of  a  fine  golden  yellow  colour,  Toiliese,  Varvinsky,  whodiscove^ 
ed  them,  has  given  Ihe  name  uf  ioih-Jhioric  «nV/.  ((juart.  Jours- 
N.  S.  iii.  224.) 


APPENDIX. 


DESCRIPTION  OF  THE  COPPER  PLATES. 
[fofaeUUaU  the  reference  to  the  Plaieg,  they  are  placed  ai  the  end  of  FoL  11.1 

m 

PLATE  I. 

Fio.  1*  (d)  Jl  plain  retort,  the  neck  of  which  is  shown  introdoced  ft  proper 
length  into  the  mouth  of  a  plain  receiver,  b.  These  may  be  made  of  any  size, 
from  the  capacity  of  a  few  drachms  to  that  of  several  gaUons,  and  either  of  white 
or  green  glass.  The  latter  material  lias  the  advantage^  when  solids  are  distilled^ 
of  being  much  less  fusible  than  flint  glass. 

Fio.  2.  J?  elass  alembic s  a  the  body,  and  b  the  head,  which  are  fj^round  so  as 
to  flt  accurately,  and  may  be  separated  when  necessary.  The  head  6  is  so  shaped, 
that  any  liquid,  which  may  be  condensed,  collects  into  a  chamd^  and  b  carried 
by  the  pipe  e  into  the  receiver. 

Fm.  3.  A  eeparatar,  for  separating  liquids  oC  different  spedflc  grarlties.  It  it 
furnished  with  a  ground  stopper  at  a,  and  a  glass  stopcock  at  b*  The  vessel  is 
filled  with  the  liquids  that  are  to  be  separateJ(oil  ana  water,  for  example),  which 
arc  allowed  to  stand  till  the  lighter  has  completely  risen  to  the  top.  The  stopper 
a  b  then  removed,  and  the  cock  b  opened,  through  which  the  hetvier  l^uid 
descends ;  the  cock  bong  shut,  as  soon  as  .the  lighter  one  b  about  to  flow  out. 

Fio.  4.  A  glass  vessel,  termed  a  matraUf  useful  for  effecting  the  solution  of 
bodie^  which  require  heat  before  they  can  be  dissolved,  or  lon^  continued 
digestion.  The  upper  extremity  of  the  long  neck  |^nerally  remains  cool,  and 
ftluiws  tlie  vessel  and  its  contents  to  be  shaken  occasionally. 

Fio.  5.  A  glass  bottle  with  a  very  thin  bottom,  and  a  projecting  ring  round 
the  neck  for  suspending  it  over  a  lamp.  These  are  useful  for  effecting  aohiUoiu 
on  a  small  scale. 

Fio.  6.  An  apparatus  contrived  by  Mr.  Pepys,  for  ateertaining  ike  quantU^ 
of  carbonic  add  duehar^dfrom  any  tubttanee  by  the  addition  of  an  add.  It  con- 
sists of  a  bottle  closed  by  a  ground  stopper.  Thb  stopper  is  perforated,  and 
forms  the  lower  part  of  a  tube,  which  is  twisted  into  the  shape  of  a  stiU-wonn. 
In  this  woriii,  any  water  that  escapes  along  with  the  gas  is  condensed,  and  fiilb 
down  again  into  the  bottle.  The  loss  of  weight  b  determined  at  the  close  of  the 
effervescence. 

Fio.  7.    Mr.  Leslie's  differential  thermometer  described,  vol.  i.  p.  89. 

Fio.  8.  (a)  Jt%  air  thermometer,  for  sscertaining  the  temperature  of  liquids. 
It  consists  of  a  bottle,  partly  filled  with  any  colouKd  liquid,  and  partly  witn  air, 
a  fflass  tube  of  small  bore«  open  at  both  ends,  being  either  cemented  or  hermeti- 
cally scaled  into  the  bottle,  so  that  its  lower  extremity  may  neariy  touch  the  bot- 
tom of  the  bottle.  The  expansion  of  the  included  air,  on  the  application  of  heat, 
drives  the  coloured  liquid  up  the  tube,  to  an  extent  which  may  be  measure<l  by 
the  application  of  a  soUe.  The  fig.  b  b  another  variety  of  the  same  instrument, 
described  vol.  i.  p.  89. 

Fio.  9.    The  original  air  thermometer  of  Sanetario;  see  vol.  i.  p.  88. 

Fio.  10.  A  bent  fuimel  for  introducing  liquids  into  retorts  without  soiling 
their  necks. 

Fio.  11.  Jhi  adapter.  The  wider  end  sdmits  the  neck  of  t  idoit ;  and  the 
narrower  b  passed  into  the  mouth  of  a  receiver. 

Fio.  i;^.    A  iCGtkm  of  an  arftponting  dbh  of  Wedgwood's  Wftie.  Under  thb 
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(igvirc  is  a  rcprcsenUtiaiv  13  a,  of  a  nii>ll  bnn  prong  with  a  wtMMkn  w  ittfl 
hindlc.  for  boUiiiff  an  evaporating  glass  over  ■  Ump. 

Fie.  13.  (o)  J/u&uJalcdr<JnrfliJtcdlo(6)(l^iAa/r(iuiMr,tlic^p«<ira«U 
cntcT3  the  necfe  of  »  boHle  (c),  supported  by  a  block  of  wood. 

Fio.  U,  Different  fornis  of  jus  for  precijiitatJoiUi  with  lipa  tor  ujuiuiuriif 
decanting  llie  fluid  frum  the  precipitate. 

Fic.  15.  A  tube,  blown  in  the  middle  inlo  »  bill,  for  dtoppin^  Eqaidi.  1^ 
ball  ii  filled  by  the  action  of  the  mouth  applied  to  the  upper  on&et,  vbilc  ihc 
lower  one  a  immersed  in  the  liquid  i  or  by  immcrain)r  the  ball  ami  tab«  witb  iti 
pfunt  dnwnwinla,  in  the  liquid  intended  to  be  intnrauced.  The  fiant  is  the* 
applied  to  the  upper  orifice,  and  on  cautiously  temaring  it  the  liquid  actptld 

P[G.  16.  -?  boUlefor  a»eerlaining  the  tpedjie  gramly  of  Squidt.  Wbc*  filri 
up  to  a  mark  on  the  neck,  with  distilled  water  of  a  ^ivcn  temperature,  h  Aodl 
hold  exactly  an  even  number  of  grains  ;  and  a  series  of  sucll  bottlcK  lnjMJM 
Kspectively  300,  3CKi.  500,  SOO,  and  1000  grsiiia,  will  be  found  eXatmOj  toM, 
TliG  (juantity  wlucb  it  is  found  lo  contain  of  any  other  liqVid  of  Um  nn*  to*- 

Erature.  duiws  at  once  the  »pecilic  ctavily  of  tho  latter.    Par  cj        •-■•■- 
Id  1000  gnins  of  water,  and  1649  of  aulpbuiic  acid,  the  •peo&e  m 
acid  K  tu  that  of  water  as  tS49  lo  1000. 


Fin.  17.  An  appniutu.?  for  procuring  gases,  wilhotit  the  po^bilitr  of  lUt 
eacipiiiK  ■'>'°  *!"=  room  during  tJie  process,  a  drcumitance  which  i*  of  inpnt- 
aJKOi  when  the  gu  haa  an  unpleasant  smell  or  ilclcterious  properties  Sopposc 
Ihatanlphurcted  hydrogen  guia  to  be  obtained  from  sulpliuret  ofantiiBaajaarf 
diluted  sulphuric  acid.  The  aulphuret,  in  coarse  poiiib  t.  '.■  |ii,'  ii'..  :'n-  h^itN 
of  thcRaa  liotllec,  wiIhaproperi]miilily  of  «alc].      i'        i  -  •  11^1 

with  diluted  aod,  the  coet  b  being  stiul,  and  is  then  fiinl  into  t>ie  lubulure  <i 
the  gas  bottle,  to  which  il  is  accurately  adapted  by  grinding.  The  bent  lube  d 
being  made  to  terminate  under  a  receiver  tilled  with,  and  inverted  in,  wiic,  the 
perforated  cock  b  is  gradually  opened,  in  consequence  of  which  the  acid  descendi 
into  the  gas  bollle  ;  and  acts  on  the  sutphurct  of  antimony.  If  it  be  found  ne- 
cessary to  renew  tlie  acid,  without  disturbing  the  apparatus,  Ih'is  may  be  done  as 
follows  : — The  cock  b  being  shut,  the  stopper  which  closes  the  acid  holder  may 
be  removed,  and  fresh  acid  be  poured  in  through  the  uperture.  Thii  may  be 
repeated  as  often  as  is  found  necessary.  The  acid  holder  may  be  adTanlageouily 
adapted  lo  a  retort  for  certain  distillations,  such  as  that  of  muriatic  acid.  The 
shape,  also,  of  the  vessel  e  may  be  occasionally  varied,  as  convenience  may  re- 
quire. When,  for  ciample,  it  is  shaped  like  the  bouom  part  of  a  NoMb'*  ma- 
chine (to  be  seen  in  almost  every  glass  shop),  it  stands  much  more  finnty  on  a 
table  for  use. 

Fin.  m.  A  plain  gns  botlle  with  sigmoid  lube,  the  end  which  is  received  into 
tlic  holtlc  having  i  ground  stopper  accurately  lilted  lo  the  neck.  For  ordinarT 
purposes  (^uch  as  obtaining  hydrogen  ga.s  frum  diluted  sulphuric  acid  and  ir«a 
filings)  this  apparatus  answers  perfectly  well,  and  is  much  leas  costly  than  tint 
represented  bv  lig.  17.  It  is  frequently  made  with  a  lubulure  and  glaaa  stopper, 
and  is  then  called  a  liibulatcd  gjs  bottle. 

Fill.  lU.  A  gat  funnel,  useful  in  transferring  any  gas  from  a  wide-tDouthciI 
vessel  into  a  jar  of  narrower  diameter,  or  inlo  a  bottle.  When  employed  for  rtw 
purpow,  it  is  held  inverted,  as  shown  by  the  figure,  the  pipe  bein^  admitltd 
into  the  aperture  of  llic  bollle  or  jar,  wliich  is  filled  with  and  inverted  in  water, 
and  the  gas  is  then  made  lu  pa.<is  into  it  in  bubbles. 

Vie.  20.  /Jr.  Ilipe's  Hudinmdir.  Tlic  manner  of  using  il  has  alreadv  been 
dewribed,  vol.  i.  p.  351. 

Fir:.  -iX.     A  mi-lifiealion  ofDr.  H.ipr't  Kudiomctcr  describcii,  v..|.  i.  p.  If.: 

I'm.  'i^-'.  .1  ga»  rereirrr,  inlo  the  iiirfc  nf  which  i<  eemenled  a  brass  cap. 
with  a  Icmale  kccw  lor  receiving  a  stop-cuck.     The  vessel  A  ia  a  glaaa  ftaik 
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which  may  bo  made  to  communicate  with  the  interior  of  tbe  Jar  a,  by  opening 
the  two  air-cocks.  Supposing  that  the  u'ci^'ht  of  any  j^  is  to  be  aHccrtiiReOt 
the  fluk  b  is  exiiauitcd,  by  screwiii);  it  on  tbe  tiansfer  of  an  air-jiiinip «  and,  if 
great  accuracy  be  rcniiirrj,  it  is  proper  to  meaaure  the  degree  of  exhaustion  bj 
a  fit  gaiijrc.  I.ut  tlie  fi»]k  be  weighed  when  exhausted ;  then  screw  it  upon  the 
top  of  the  receiver  cunlainlni;  the  gu  which  is  to  be  weighed  i  and  open  the 
communicaliiin,  observing-,  by  using  a  gndiialcd  jar,  how  much  gan  has  been 
admitted.  Supiime  lliii  lo  be  50  cubic  inches,  lly  weigliing  the  flii»k  again 
when  full,  we  <letcnnine  the  weiglit  of  50  cubic  inches  of  the  gai  under  culmi- 
nation. The  experiment  should  be  made  when  the  temperature  of  the  room  ii 
W,  and  wlicn  the  barumiter  sotiiU  at  20  inches.    (Sec  vol.  i.  p.  30.) 

Fio.  23,    Ajilida  air-jar  for  recdving  gata,  with  a  fp-ound  stopper. 

Fib.  24.  An  tudioiiMtr  fur  Irj-iiig  tlie  purity  of  a  mixture  of  gaaea  contalnitW' 
oxygen  jm,  by  means  of  nitrous  gas.  Tlic  process  iias  been  deacribed,  voL  H 
p.  TTT.  The  Instrument  should  be  nccompauied  witli  a  phial,  holding,  when  com- 
pletely  full,  precisely  a  cubic  inch. 

Piu.  Hi.  A  wire  ittsiid,  with  a  leaden  foot,  for  the  purpose  of  railing,  above 
tlie  surface  of  water  wllliin  a  jar,  any  substance  which  is  to  be  cxpoaed  to  the 
«ction  of  a  gas. 

Pio.  35.  (fl)  A  bottle  and  tube  fur  directing  a  smalt  stream,  or  a  few  dropa 
of  water,  on  any  object.  The  method  of  using  it  is  described,  vnl.  i.  p.  24. 

Fin.  'is.  (&)  A  buttle  with  an  elongated  Hopper,  by  means  of  which  a  lingle 
drop  of  any  liquid  can  be  taken  up,  and  alUiwed  to  full  into  any  fluid  under  ex- 
amination, 

Fia.  26,  An  apparatus  for  ah  awing  that  caloric  existi  in  gaieainaUtentfoniii 
the  application  of  it  has  been  already  described,  vol.  i.  p.  I'Zf. 

Fi*.  37.  An  apparatus  for  drying  precipitates  by  steam,  described,  voL  L  p. 
24. 


Flo.  39.    (a  and 


a  useful  putptues. 

bA    Tubes  for  exploding  mixtures  of  hvdn^n  and  other 

ritn  oxygen  gas,  cumioon^  termed  the  Eu£omettr  of  VMat 


imploy 
of  thii  apparatus  has  already  been  described,  vol.  i.  p.  21. 

Fio.  2\.  A  modification  of  the  apparatus,  which  has  been  already  described. 
In  thii  figure,  Ibc  mercurial  trough  Ji  sliown  with  a  jar  atandinif  inverted  in  i^ 
fiw  the  purpose  of  receiving  any  gns  tlial  may  eKipe  comlensation  by  water. 

Fid.  J2.  Mr.  Pcpys'i  improvement  of  Woulle's  apparatus,  described,  lA  t. 
p.  22. 

■    PLATE  IV. 

Fioi.  33  and  34.  Cuthbertion'a  apparatus,  fur  exhibiting  the  eompotition  of 
water,  with  the  substitution  of  giiometeta  for  the  receivers  originally  empbyed 
bv  him.  llie  apparatus  has  been  described,  vol.  i.  p.  225.  Fio.  33  is  an  eiilargeil 
Tiew  of  the  conical  bnui  piece,  which  is  cemented  into  tbe  bottom  rf  the  re- 
ceiver, and  through  which  the  gases  are  tnnsmitted. 

Fio.  Z5,  A  gazomclcr  of  the  mutt  simple  and  common  constnicliani  tee  voL 
i.  p.  28. 

Fio.  36.    A  gaa  holder,  described  vol.  i-  p.  39. 

F.a.  3r.  A  galvanic  irongh  j  see  vol.  i.  p.  151».  The  liihf  /.  shows  the  ar- 
rangement for  decompcaing  water.  I'he  upper  wire  may  he  liemetically  scaled 
into  the  tube,  and  the  lower  one  paiaed  tlirough  a  cork,  which  AmU  have  % 
•mall  (fit  cut  in  it.  lo  allow  the  water  to  cacqM  in  dfopa  a*  the  gu  b  produced. 
Vou  I.  3  2 


Flo.  39.    The  cotnburtlnn  of  iron  wire  in  oxysin  s»i  i  tee  roL  •■  ^  IB. 
Fjo.  40.    Appwatus  fur  decompoang •■let  oner  red.hot  iron  w  cliim ili«« 

Fio.  il"'  An  tppanilus  for  showing  Ihe  dimVnution  tirtfird  'm  1k«  voloai  rf 
fayiJrngen  «nil  oxyRen  gmn  by  ll.eir  ilcur  combiiition  i  mev  voL  i.  ^  SI*. 

Fm-  43.  A  very  simple  »nd  cheap  contrivance  for  frccziof  autkAvo' t* 
Quriitc  of  lime  and  snow.  The  outer  tcjmI  of  *uoJ  nay  he  iwdfc  lal  *  Mf 
lncht»  MIMIC,  »na  »e*en  inchen  deep.  It  ihould  hire  »  wooden  lOTV,  obeOeA 
in,  «nd  furnished  with  a  handle.  Within  ihi*  a  phced  » liniieil-ira«  tohI.  *  i 
Xaniling  mi  feet  which  are  one  and  *  lialf  inch  higb.  witi  htritfC  a  pR^cdM  it 
the  top,  half  an  inch  broad,  and  «i  inch  deep,  on  wbicti  rou  a  *hafla«  imfm, 
e  r.  Wilhin  the  second  reuel  ia  a  third,  d,  made  of  untinncd  rit«et-«<i^  •iOrt 
any  aolJcr  at  the  comcn,  and  tupjiortcd  by  feet  two  inclie*  higt.  Ttria  •••d  • 
ftmr  inohe*  square,  and  is  inicndctl  lo  contain  die  mcrcuiy.  Wlien  IW  tfipinaa 
is  used,  a  mialurc  of  muriale  of  liine  and  snow  la  put  into  the  mitcr  tebcI  •  *, 
to  as  completely  to  surround  the  miilJIe  vcskI  b  t.  Into  the  tutcr  tht  tcwJ  < 
containing  the  quicksilver  to  be  froaen.  prcviwidy  ended  dowa  hj  •  fitiM 
mixture,  is  put ;  and  ihii  is  immediately  surrounded  by  •  ntixtoce  al  ■»»  a^ 
muriate  of  lime,  previously  cooled  to  O"  Fahrenheit,  by  an  attiSeiBl  itoM*  rf 
snow  and  common  suit.  The  pan  e  £  is  alio  BIM  will)  thrac  iiia4«rU^  and  the 
woollen  cover  is  then  put  into  its  place.  The  easels  are  now  left  til  Aa  ifacL- 
»|yir  is  froien,  A  more  elcgiuii,  biii  more  eipensirc  apparatna,  by  Mr.  {"efTii 
inunded  for  the  lame  purpose,  is  figured  in  an  ciriy  Toluinc  of  l^  "  "'"-  ~'~' 

Fib.  43.     A  wire  stand,  consisting  of  an  interior  circle,  and 
pieces  of  wire  proceeding  from  it  in  the  same  plane.    Ila  use  i« 

Fio.  44.    Sir  H.  Duty's  siiparatus  foe  lUe  aiuJysis  ol'  milt. 


PLATE  V. 

Fra.  45.  Pictct's  art^ngemcnC  of  an  apparatus  for  showing  (he  radiation  of 
caloric,  unaccompanied  by  light ;  see  vol.  i.  p.  95. 

Fio.  46.  An  oval  copper  boiler,  (referred  to  vol.  i.  p.  119),  for  cjhibilinpthc 
most  important  facts  respecting  latent  caloric.  The  size  of  its  different  p»n>  ;ti- 
eepl  the  width,  which  is  4  inches)  may  he  learned  from  the  scale  affiled  to  Ihe 
plate,  which  is  abundantly  sufficient  to  enable  any  intelligent  workman  I.)  con- 
aliuct  the  apparatus.  The  collar  joint  and  stuffing  boi,  however,  it  isindispeno- 
bly  necessary  to  describe,  especially  as  the  former  attlcle  of  apparatus  ii  generally 
eonsttucted  on  a  bad  plan. 

Fi8.  47  is  a  section,  upon  alarger  scale,  of  the  collar  joint  at  6  (fig.  46)  made 
for  the  convenience  of  screwing  together  Ion?  or  crooked  metal  tubes,  Hithai: 
turning  them  round  j  a  is  a  section  of  Ihe  end  of  one  of  the  tubes,  and  A  that  « 
the  other  which  is  to  be  attached  lo  it  j  c  is  a  collar  which  turns  loose  upon  the 
ihoulder  of  a,  and  screws  upon  li.  Hy  screwing  this  collar  upon  ft,  the  end  (  '  fi 
the  tube  a  is  brought  to  press  upon  the  part  a  J  of  the  tube  b,  without  lumui; 
round  eillivr  of  thuie  lubes.  If  upon  il  he  laid  a  ring  of  linen  cloth  soaked  in 
boiled  linseed  oil,  the  joint,  nlien  screwed  up  (if  tolerably  well  made),  »ill  be 
impervious  to  steam  as  well  as  to  water  or  air.  The  projection  at  d  is  for  pwsrn- 
ing  the  ring  of  cloth  from  being  displaced,  and  for  guiding  the  ends  of  boiii 
lubes,  so  as  to  meet  properly. 

Fio.  48  is  a  section  of  a  socket  for  filing  Ihe  stem  of  a  thermometer  into  i 
boiler  or  a  digester,  where  there  is  much  Lcat  and  pressure  i  &  is  a  socket  tiied 
on  the  outside  of  the  boiler  or  digester,  havine  a  hole  thruiig-h  it  larre  cnimgli 
to  admit  the  bulb  of  the  thermometer  i  a  is  a  plug  »hich  screws  into  a,  luk-in^  t 
hole  tlinxigh  its  centre  large  enough  to  aitmil  onlj'  the  atcm  of  the  thcrroomelti. 
a  c  il  a  loose  iMind  plate,  concave  on  tlic  ujipcr  iide,  having  a  bole  thniu^  lU 


DEBCniFTION   OF   TUB   PLATES.  M7 

centre  Just  sufficient  aim)  to  admit  the  stem  of  the  thermometer.  When  the  bu 
Btnimeiit  is  to  be  inserted,  the  plug-  a,  and  the  plate  e,  must  both  be  taken  out 
of'  the  socket.  The  bulb  is  then  passed  through  it.  The  plate  e  is  next  slipped 
over  the  stem,  and  dropped  into  its  place.  Some  flax,  soaked  in  linseed  oil, 
must  next  be  wrapped  round  the  stem,  so  as  nearly  to  fill  the  socket.  The  plug 
a  must  tkien  be  screwed  in,  till  the  flax  be  compressed  so  as  to  make  the  whole 
suflicientl^  tight  The  opposite  surface  of  the  plate  Cf  and  the  plug  a,  are  made 
concave,  for  the  purpose  of  compressing  the  flax  round  the  stem  of  the  ther^ 
mometer.  l*he  gage  represented  above  the  cock  e  at  the  top  of  the  boiler  b 
adapted  to  show  the  density  of  tlie  steam,  by  its  effect  on  a  portion  of  air  con- 
fined by  mercury  {  fur  the  volume  of  the  air  will  of  course  be  inversely  as  the 
compressinf^  force.  The  bent  part  of  this  ^uge  and  small  ball  are  of  iron*  and 
tlie  straight  part  only,  where  tJie  mercury  is  to  be  seen  through,  should  be  of 
glass. 

PLATE  VI. 

Fios.  49,  50,  51.    Sections  of  crucibles. 

Fig.  52.    A  muffle  {  see  vol.  i.  p.  19. 

Via.  53.    Stands  for  raising  the  crucible  above  the  bars  of  the  gnte ;  a  ont 
adapted  to  Mr.  Ai kin's  blast  furnace  {  6  one  of  the  common  form. 

Fie.  54.    A  skittle-shaped  crucible. 

Fio.  55.  Mr.  Aikin's  portable  blast  furnace.  It  is  composed  of  three  partly 
all  made  out  of  the  common  thin  black-lead  melting  pots,  sold  in  London  for  the 
use  of  goldsmiths.  The  lower  piece  c  is  the  bottom  of  one  of  these  pots^  cut  off 
HO  low  as  only  to  leave  a  cavity  of  about  an  inch,  and  ground  smooth  above  and 
below.  The  outside  diameter  over  the  top  is  five  and  a  half  inches.  The  middle 
piece,  or  fire-place  a,  is  a  Urger  portion  of  a  similar  pot,  with  a  cavity  about  six 
inches  deep,  and  measuring  seven  and  a  half  inches  over  the  top,  outside  dia- 
meter, and  perforated  with  six  blast  holes  at  the  bottom.  These  two  pots  are  all 
that  are  essentially  necessary  to  the  furnace  for  most  operations  ;  but  when  H  if 
wished  to  heap  up  fuel  above  the  top  of  a  crucible  contained  withiii,  and  espe* 
cially  to  protect  tne  eyes  from  the  intolerable  gUrc  of  the  fire  when  in  full  heat^ 
an  upper  pot  b  is  added,  of  the  same  dimensions  as  the  middle  one,  and  with  a 
large  opening  in  the  side,  cut  to  allow  the  exit  of  the  smoke  and  flame.  It  has 
also  an  iron  stem,  with  a  wooden  handle  (an  old  cliisel  answers  the  purpose  vcfy 
well)  for  removing  it  occasionally, 

I'he  bellows,  which  are  double  (</),  are  firmly  fixed,  by  a  little  contrivance, 
which  will  take  ofl*  and  on,  to  a  heavy  stool,  as  represented  in  the  plate  {  and 
their  handle  should  be  lengthened  so  as  to  make  tlieni  work  easier  to  the  hand. 
To  increase  their  force  on  particuUr  occasions,  a  plate  of  lead  may  be  firmly  tied 
on  the  wood  of  the  upper  flap.  The  nozzle  is  received  into  a  hole  in  the  pot  c^ 
which  conducts  the  blast  into  its  cavity.  From  hence  the  air  passes  into  the  fire- 
place a,  through  six  holes  of  the  size  of  a  large  ^mblet,  drilled  at  equal  distaneet 
throuKh  the  bottom  of  tlie  pot  {  and  all  converging  in  an  inward  direction,  so  thtt^ 
if  prdonged,  they  would  meet  above  the  centre  of  the  upper  part  of  the  fire. 
Fig.  56  shows  the  distribution  of  the&e  holes  in  the  bottom.  The  large  centaal 
hole  is  intended  to  receive  tlie  stand  a,  fig.  53,  which  serves  for  supj^iting  the 
crucible. 

No  luting  is  neccssaiy  in  using  this  furnace,  so  that  it  may  be  set  up  and  taken 
down  immediately.  Coke  or  common  cinders,  taken  from  the  fire  when  the  coal 
just  ceases  to  blaze,  sif\cd  from  the  dust,  and  broken  into  very  small  pieces, fixTni 
the  best  fuel  for  higher  heats.  The  fire  may  be  kindled  at  first  by  a  few  lighted 
cinders,  and  a  small  quantity  of  wood-cliarcoal. 

The  heat  which  this  little  furnace  will  afl^ord  is  so  intense,  that  its  power  wa% 
at  first,  discovered  accidentally  by  the  fusion  of  a  thick  piece  of  cast  iron.  The 
utmost  beat  procured  by  it  was  167^  of  Wedgwood's  p^meter  piece,  which 
was  withdrawn  from  a  Hessian  crucible,  when  actually  smking  down  in  a  state 
of  porcclhuious  fusion.    A  steady  heat  of  155^  or  160^  may  be  depended  on  if 
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the  fire  be  properly  intna(!«l  nnil  the  bellow*  worked  with  Tigonr.  (fircnflM- 
•ophlcBl  Mngwine,  rii\.  xvii.  p.  166.) 

By  a  kiler  fVom  Mr.  Aifcin,  I  h«ve  lesmpd,  iIstn  >  eonvmicnt  way  of  tAM 
ing^  in  *  lecture,  and  perfonn'mg  «t  other  limca,  Uie  proccai  of  ogpctbfiiMV  tr 
incsn»  of  Ibis  fumacc.  It  cnnxists  In  oiiikIii^  >  portion  nf  the  Iibn  to  he  tDwM 
fVom  the  fuel,  nnil  to  pnss  throu^  ■  crucible  In  which  the  cut>«1  h  |ibc«d.  Hii 
arran^mcnt  tiippties  air,  *nO  the  whole  nay  be  aeen  by  ■  •loipaif  lab^m 
llirnu^li  the  cover  of  Ihe  cruclhle.  Fig.  57  ihowilhefiimDcevbeMtBedliwIlii 
purpuM! ;  a  a  the  furnace  i  b  the  perforatcil  stopper  (or  the  eentnl  bkrt  i  r  '  ■ 
portion  of  earthen  tnbe,  through  which  llic  air  pusses,  and  >■  heated  Aml>(  tbi) 
traiwit ;  t  »  piece  of  toft  brick,  peHbrsti:  J  to  iiclmil  the  cuthen  tnbe/.aUck 
maf  be  kept  opcR  for  inspecting  the  ptacets.  No  luting  U  requiral,  esnpt  W 
join/ioe. 

It  tniy  be  proper  to  add,  that  Mr.  Aikin  hss  lately  (1823)  Tnade  cniwbnMi 
improvements  in  IhiiuscfiiUitllc  furnace,  which  may  be  had,  tliuialien^eflte 
Knight,  in  Foster-lane.  The  principal  one  ii  the  enlir^nienl  of  the  air  cfa«n>b(r 
e.  Ill  ming  the  furnace,  Jlr.  Aikin  has  found  that  its  power  ia  g^irMtt  wbt»  iW 
pipe  of  the  faelluwB  is  not  actually  introduced  tnio  tlie  apciiitig  lt*JuH  <*  <^ 
kir  chamber,  but  kept  at  the  disunce  uf  from  one  to  two  inche*.  lie  met,*lf>, 
a  straight  tube  of  communication  between  the  bdktwa  and  the  sir  ctaifatr,  ia 
prcfcrincc  to  one  fivnl  as  ihown  in  the  Rgure. 

Fis/Sa.  Knight's  portable  furnace,  (described  alto  In  Ji.  IB,)  cuwaail  of 
•iTDng  iron  plate  lined  with  Are  lute,  the  inside  dinlneler  ais  iuchtai  a  iDowalka 
grate  1  b  the  ash-frit  doori  dxhe  door  of  the  fire-place  when  UMdMaaadheMi 
e  etwo  holes  opporile  to  each  otiier  for  transmitting  a  tube ;  ^*A  openim  ft*  a 
retort  neck,  wiien  used  for  diililiing  with  the  naked  Are. 

PiD.  59.  A  different  view  of  the  aame  furnace  ;  o  thcgnte  ;  e  Use  weiaxr  to 
Uie  Irii-ptt  i/a  small  door,  witliBeontriTancefbrmppottinganainc  neMbtr 
leften  eorreipond  with  the  explanation  of  the  preceding  Rgure. 

For  this  furnace  the  proper  fuel,  when  It  i*  used  as  a  wind  furtiaer,  i>  t<r\i- 
churcual,  either  alone  or  willi  (he  admixture  of  a  small  proportion  of  coke.  For 
distillation  with  a  sand-heat,  charcoal,  with  a  little  pit  coal,  may  be  empioyed. 

PLATE  VII. 

Fin.  60  represents  n  fi.icd  furnace,  which  I  fin.!  very  useful,  because  it  msT 
either  be  em]jli,j  ed  us  iv  wind  fiiriiace  or  for  dislllbtlon  wllli  a  sand  holt.  l!i  to;  J 
height  outside  is  lliirly-three  inches,  and  the  outside  square  is  eighiten  inchfs 
or  two  bricks  laid  knglliwisc.  I'lie  thickness  of  the  sides  uf  the  furrucc  -J  Ihe 
breadth  of  a  brick,  or  four  and  a  half  inches  ;  but  whenever  there  is  nxim,  it  i» 
better  to  make  Ihcm  nine  inches  Ju  thickness.  Krom  the  top  of  the  furnace  to 
the  grate,  which  is  moveable,  and  supported  by  two  hearers,  the  liei^t  ii  lliir- 
teen  inches  t  and  at  c  is  a  double  Kumfonl  diiur  i  or  in  preference,  a  hi>le,  closet] 
by  a  Riuveablc  earthen  stopper,  fur  introducing  fuel.  Ihe  ash-pit  slinuld  hare  a 
register  door.  The  chimney  is  four  inches  wide  by  three  high,  and  m:iy  cither 
be  furnished  with  a  damper  or  not.  Oil  the  lop  of  the  furnace  a  cast.iron  nr^g  it 
fixed,  ten  inches  inside  diameter,  three  inches  broad,  and  half  an  inch  ih.ck.  I'- 
ia  secured  in  its  place  by  three  iron  pins,  passing  through  thri.c  eciuidiiiant  hol^t 
intlicring,  and  bent  at  the  dist^ince  uf  nine  inclics  at  u  right  angle.  These  v.rtt 
the  purpose  uf  binding  tlic  ring  fu  inlv  into  the  br>ck-ivi>tk.  1'bc  sand  pci>  ut 
of  different  siics :  and  a  v:.riety  „f  tliem  niuy  be  made  to  fit  the  same  r.r.g.  b; 
varying  the  breadth  of  tlieir  riuis,  as  shown  hg.  71.  The  bricks  should  be  ce- 
mcllled  together,  at  leasl  fur  the  iiiUL-r  half  of  their  breadth,  by  loam,  or  by  i 
mixture  oi  Stourbridge  cLv,  with  tuo  or  three  pails  satid,  and  a  proper  quic- 
lity  of  water. 

When  this  is  used  as  a  » ind  furnace,  the  opening  in  the  side  is  to  be  clusnl 
by  its  stopper ;  or,  if  a  lluniford  door  be  employed,  it  must  be  defended  from  the 
fuel  by  a  lire  tile.  The  fuel  (coke)  is  introduced  at  Ihe  top,  which  ii  occasiunaHj 
covered  by  a  fire  tile,  Wlicn  distillation  with  a  s.ind  heat  is  perturmeil.  ibe  ■ml 
pot*  vest  on  the  irmi  ring,  mid  t'lc  fuel,  which  mjy  be  comm'jii  pit  cyal,  ii  aJJ--- 
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throufi;)!  the  opening  in  the  side.  It  may  be  proper  to  state,  that,  in  order  to  re* 
ccive  a  sand  pot  of  as  large  a  size  as  possible,  the  upper  course  of  bricks  should 
be  bevelled  within  the  furnace  {  and  the  width  at  the  top  may  exceed  a  little 
that  at  the  grate. 

I'he  best  Stourbridge  or  Newcastle-on-Tync  fire-bricks  are  necessary  in  con* 
stnicting  this  and  the  following  furnaces. 

Fio.  61  is  a  longitudinal  section  of  a  wind  furnace,  invented  by  Mr.  Knight^ 
with  an  additional  chunibcr  for  applying  the  waste  heat  to  useful  purposes :  a 
the  internal  cavity,  which  is  Sipiarc,  for  containing  the  fuel  and  the  cmcible  <  b 
the  flue  passing  into  a  hot  chamber  r,  an  appendage  particularly  useful  for  dr)'ing 
luted  cniciblcH,  or  bringing  them  to  a  pr<ipcr  tem])erature  for  the  furnace  {  for 
roasting  orcH  and  \urious  other  purposes  :  a  the  flue  connecting  it  with  the  ver- 
tical chimney  c;  which,  to  pro<Iuce  a  strong  heat,  should  never  be  leas  than 
thirty  or  forty  fctt  hlj^li  :  //covers,  couMsting  of  twelve-inch  M'^elsh  tiles,  with 
haitdlcs  ;  1^  the  Mrikc  li(>K',  tlir(ii:^'h  ^hich  no  more  of  the  Are  is  seen  than  what 
appears  between  the  ^late  and  tlie  bearing  bar  k,  TW\s  space  is  lef\  for  the 
double  pllr|)()^c  (yf  raking  the  fire,  and  occasionally  taking  out  the  bars  :  k  the 
ash-pit,  which  is  &unk  below  the  level  of  the  ground,  and  is  covered,  where  it 
projects  at  /,  by  an  iron  gniting. 

I'he  best  situation  for  this  furnace  is  an  angle  of  the  laboratory,  the  chimney 
being  in  the  corner,  as  repi-esented  in  the  sketch,  liy  this  arrangement,  the  ope- 
rator is  spared  the  disagreeable  ncccssitv  of  scorching  his  legs,  by  standing  oppo- 
site the  stoke  hole,  \v  hilc  the  backs  of  Lis  legs  arc  exposed  to  a  current  of  cold 
air  rushing  to  the  furnace. 

FicH.  C'2  and  63  are  diflerent  views  of  a  furnace  invented  by  Mr.  Knight,  and 
convertible  to  various  purposes.  * 

The  inside  of  this  furnace  is  nine  inches  square,  and  sixteen  inches  deep  from 
the  top  to  the  grate.  The  face  of  the  opening  at  g  rises  at  an  angle,  which  makes 
the  back  part  five  inches  higher  than  the  front.  This  contrivance  enables  us  com- 
pletely to  cover  a  largo  retort  with  fuel,  without  obstructing  the  passage  of  the 
air,  and  also  relieves  partly  the  weight  of  the  cover,  when  it  requires  to  be  moved. 
The  walls  of  the  furnace  arc  at  least  a  brick  and  a  half  thick,  and  as  much  more 
ms  local  convenience  will  allow.  By  sinking  the  ash-pit  below  the  level  of  the 
ground,  at  t,  the  height  of  the  furnace  needs  not  exceed  eighteen  inches,  which 
renders  the  management  of  the  fuel  much  more  easy,  and  wihjects  the  face  and 
hands  less  to  the  action  of  the  heat.  The  ash-pit  a,  must  be  at  least  eighteen 
inches  deep,  below  the  surface  of  the  ground,  and  more  if  convenient.  It  must 
have  an  opening,  projecting  from  it  three  or  four  feet,  to  be  covered  uith  boards, 
and  with  an  iron  grating  next  the  furnace.  This  preserves  the  legs  of  tlic  ope- 
rator from  the  action  of  the  fire. 

The  grate  b  is  formed  of  separate  bars,  each  of  a  triangular  shape,  three-fourtlit 
of  an  inch  apart,  and  resting  on  two  bearers.  In  the  front  of  the  furnace,  an  iron 
bar  is  to  be  placed  to  support  the  brick-work,  and  to  leave  an  opening,  through 
which  the  bars  may  occasionally  be  drawn  out,  and  the  fire  raked  and  cleared  of 
the  slag.  The  chimney  e  is  two  and  a  lialf  inches  from  tlic  top,  and  four  and  a 
half  wide  by  two  and  a  half  high. 

To  fit  this  furnace  for  occasional  distillation  with  the  naked  fire,  an  opening  </, 
fig.  6'J,  is  left  on  one  side,  which  is  filled  up,  when  not  wanted,  by  five  pieces  of 
aotl  fire-brick,  cut  to  a  proper  sliape,  and  secured  by  a  clay  lute.  It  is  proper, 
also,  to  be  ])rovided  with  other  pieces,  having  arched  openings  for  transmitting 
the  neck  of  a  retort.  One  of  these  pieces  may  have  a  round  hole  for  occasion- 
ally transmitting  a  tube,  and  a  corresponding  hole,  A,  fig.  63,  must  then  be 
made  in  the  opposite  side  of  the  furnace,  to  be  closed,  when  not  wanted,  with  a 
stopper. 

Fi«s.  64  and  65  represent  a  sand  heat,  for  containing  flat  eraporating  vessels: 
the  depth  from  back  to  front  two,  feet  <  the  width,  agreeably  to  the  acale,  six 
feet.  At  the  front  is  a  rim  four  inches  deep,  consisting  of  a  piece  of  iron  plate, 
which  is  fitstened  at  each  end  into  the  wall.  The  floor  or  bottom  e  r,  is  formed 
of  cast-iron  plates,  which  rest  upon  each  other  in  corresponding  rabbets.  The 
ftdvantage  or  several  small  platens  o^V  OM  Uf;gc  one,  is  the  cheapness  and  faci- 
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lily  wi'l>  nliicli  tliry  arc  rrplucnl,  ircrnekal  t>y  the  hcst,  «n  wridcnt  efBOl  i» 
fTcqiitnt  occiiirenee.    The  joinli  »n-  seciircd  by  »  fire  lute,  vliidi  cOcOaly 

ErcTcnls  tlic  sund  (ivm  ftlliiig  througb.  The  flre-pbce  is  iJiown  bjr  i,  at  ike 
otiom  it  has  a  g-nte  ten  Inches  Ion?,  by  eight  aide.  The  flini«  aail  unskf  c^ 
cubic  fiht  tliraugh  the  flue  r,  and  then  Ihioiigh  (he  returning  Ban  il.'mimtktm- 
vcy>  llie  smoke  to  the  dlimneyg'.  In  couttructinglbc  flue  benealh  thc(Mfc» 
row  of  bricks,  set  edgewsya,  aniweci  the  purpose,  and  serrca  aba  U>  aipfMI 
the  inner  edge  of  Ihe  pbles. 
It  II  advisable  to  cover  the  sand  heat  with  a  «lopuuiMtC  whicli  ma*  he  fanatJ 
-■-■    -'  -  --     - -^     ■         -  ofAeiprf 


I  and  plaslcr,  and  mpported  by  aide  walk.    The  loi 
niy  i>e  faremuiic,  and  about  Ihrce  feet  ibuve  the  cCgc  of  I    .        . 
dIki,  ncccmao'  1"  i'^ve  an  air  flue,  nearly  at  Ilie  top  of  the  hack  wall 
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Fios,  66,  67,  63,  are  Ibe  aeclions  and  plana  of  a  reverberal«7  rumee  for  a- 
perimental  purposea.    In  this  furnace,  the  fuel  it  coniuned  in  an  inlemr  ii^ 

Siacc  i  and  the  subBUnce,  to  be  submitted  to  the  action  of  heal,  a  pUced  «■  tk« 
oor  of  another  chamber,  aiiuated  between  the  fhrnt  one  aiul  the  cliinme;-  Tte 
flninc  oT  tlic  fuel  pasMS  into  Uie  second  computmeol  i  by  the  farm  tt  vtich  it 
ia  conccnttstcd  upon  the  nibstance  exposed  to  heat,  which  ia  not  coadaed  i*  > 
sepnrate  veucl  or  crucible,  but  placed  on  tlie  floor  of  the  Itirriace.  Wbe*  tedoc- 
ed  tn  a  stale  of  fuaion,  the  melted  mass  is  allowed  to  floir  out  Ihmutth  a  tip- 
hole  at'A.  The  dimensions  of  this  furnace  it  Is  scarcely  poitible  to  state,  at  they 
vary  so  considerably  in  dilTerent  parts  of  il )  but  they  may  be  saccRMiMd  fay  tv- 
fcirini;  to  the  fieure^  and  by  the  application  of  the  scale.  In  all  three  finrca* 
reprcienta  the  ash-pit  i  6  the  grate  composed  of  mov,-,ll  ■  '-j  •  .  ■'.■  "cio*  at 
which  the  file]  ia  introduced  ;  J  a  door  in  the  Hide  <it   '  >.    ]"i> 

pose  of  inspecting  llic  process  i  c  the  floor  of  the  tnrnacc  w  hich  ilc^jrcnils  :inJ 
n  gradually  contracted  towards  the  back  part  i  /  aiiollitr  door  fur  jntnxlucing- 
and  stirring  Ihe  materials  ;  g  the  back  patt  of  tlie  funuce,  immediaiclv  under 
the  chinmey ;  k  the  tap-hole  i  i  Ihe  chimney. 

Figs.  69  and  70,  cihibil  a  cupelling' <ire«flme//mj?/unu«r.  The  form  of  this 
should  be  an  oblong  square  {  its  dimensions  being  regiituled  by  that  of  the  muf- 
fle, which  should  (jD  home,  to  tlic  back,  its  front  edge  lodging  on  the  mouth  of 
tlie  furnace.  On  each  side  of  the  muHlc,  two  inches  and  a  half  must  be  left,  la 
let  tlie  fuel  pass  readily  underneath,  where  there  thoidd  also  be  a  similar  >pjer. 
A  stoke  hute  nui>>t  he  left  on  the  other  side,  but  the  situation  of  the  ne»  »dl 
not  admit  its  being  shown.  Uefore  the  muffle,  is  a  projecting  ledge  or  shelf, 
shown  at  f,  which  is  intended  to  support  anytliiiig  that  ia  lo  be  put  into Itic muf- 
fle. Two  twelvu-inch  tiles,  workol  in  along  wiUi  the  bricks,  will  ansver  iliis 
purpose.  In  both  figures,  a  shows  the  asli.pit ;  c  the  grate  ;  d  the  muffle  ;  t  the 
opening  fur  iiitrudiicing  tlie  muffle  -,  /the  chinincv,  and  g  the  cover. 

l-n;.  71.     Sand  pot>  wilh  rims  of  different  sizes' 

Flip.  T2,  73.     Ur,  llbck's  portable  furnace,  [ 
clay.      I>^  dimensions,  as  tlicv  varv  in  almost  c 
fnim  Uie  srale  ;  ii  ilic  firi-.place  ;  'b  the  chimney  ;  f  tlie  asli 
the  asli.pit  i  e  a  rigJiltr  (ur  ngulaling  the  quantity  of  air  admi 


tiini  the  sjiace  is  lwi;lvi:  inches  squaie,  and  at  the  ti>p  only  eight.  Tlie  perpen- 
dicular height  is  seventeen  inches,  fium  Ihe  tuj)  to  the  grate.  I'his  lutni  unite* 
the  following  ad voutagrcs.  1.  A  brge  surface  is  exposed  to  the  air,  which,  havrir 
-uicasycnlnncc,  rustics  through  the  fiielwiih  great  rapidity.    2.  Tbc  iuclmrJ 
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•idei  m(  tt  rererbentore.   3.  The  fiiel  faUi  of  itself*  and  if  always  close  to  the 
grate.* 

In  the  figfure,  a  represents  the  jrrate  :  c  c  are  two  bricks,  which  can  be  let  in 
at  pleasure,  to  diniinisli  the  capacity  :  b  is  another  ^te  wliich  can  be  placed  on 
the  bricks  e  c,  for  occasional  purposes  :  dd  wre  bricks  whicli  can  be  placed  on 
the  i^te  b,  to  diminish  the  capacity  of  this  part  of  the  furnace  $  c  the  cover. 
Both  set  of  bricks  should  be  ground  to  the  slope  of  the  furnace. 

In  the  construction  of  every  furnace,  which  is  intended  to  produce  a  strong 
lieat,  lime  or  mortar  should  be  avoided,  and  the  bricks  should  be  set  in  loam,  or 
Stourbridt^.clay,  worked  up  with  water  and  sand,  inserting  occasionally  pieces 
of  sheet  iron,  bent  twice  in  opposite  directions  at  right  angles.  The  furnace 
should  be  allowed  to  remain  tome  weeks,  af\er  setting  up,  before  it  is  used ;  and 
before  raising  a  strong  heat,  a  gentle  fire  shmdd  be  sometimes  kindled  in  it,  the 
strength  of  which  may  be  gradually  increased.  When  a  strong  blast  ia  expected, 
it  is  nccetisary  to  bind  the  brickwork  together,  externally,  by  strong  iron  bars 
and  ])Iutes,  kc])t  in  their  i)Iuces  by  i>crcws.  The  chimney  should  be  nine  inches 
widr,  and  raised  to  as  great  a  height  as  circumstances  will  admit. 

The  coke  of  pit  coal  is  the  only  fuel  fitted  for  exciting  an  intense  heat,  and 
should  be  used  in  all  cosch,  except  in  the  reverhatorv,  and  in  distillations  with 
the  sand  bath,  when  pit  coal  may  be  employed.  The  charcoal  of  wood  is  adapted 
principally  to  portable  furnaces. 

PLATE  IX. 

Fio.  75,  The  gptlvanic  battery  called  eoumnne  de  toMua^  described  voL  i.  p. 
160. 

Fio.  76.  Apparatus  for  obtaining  the  elements  of  water  in  separate  tubes ; 
see  vol.  i.  p.  I6i5. 

Fio.  77.  The  pile  of  Volta ;  sec  vol.  i.  p.  159.  The  tube  annexed  to  the 
pile  is  for  the  purpose  of  showing  the  decomposition  of  water ;  see  vol.  i.  p.  166. 

Fio.  78.  Section  of  a  g^vanic  trough,  to  explain  the  tlieory  of  the  excitMtion 
of  galvanic  electricity ;  see  vol.  i.  p.  175. 

Fio.  79.  Apparatus  for  obtaining  oxygen  and  hydrogen  ^es,  from  separate 
quantities  of  water  not  in  contact  with  each  other ;  see  vol.  i.  p.  167. 

Fio.  80.  Two  agate  cups  connected  by  moistened  amianthus ;  see  vol.  L  p. 
167. 

Fio.  81.    Two  gold  cones  similarly  connected,  p.  168. 

Fie.  83.  Agate  cups  similarly  connected  with  an  intermediate  vessel  i  /  see 
vol.  i.  p.  169. 

Fie.  83.  Apparatus  for  procuring  potassium  from  potassa  and  iron  filings.  A 
better  apparatus  for  this  purpose  is  represented  by  the  wood  cut,  vol.  i.  p.  442. 

Fio.  84.  Apparatus  for  firing  gases  by  electricity,  or  submitting  them  to 
electrical  discharges,  vol.  i.  p.  SO. 

Fio.  85.  Pepys's  improved  gas-holder  :  a  a  small  iron  retort  placed  in  the  fire 
with  a  jointed  conducting  tube  6,  which  is  admitted  into  the  vessel  at  e.  This  is 
shown  on  a  larger  scale  in  a  different  part  of  the  plate.  The  letter  d  is  placed  on 
the  body  of  the  reservoir,  and  near  the  central  pipe,  which  descends  from  the 
cistern  e  to  nearly  the  bottom  of  the  vessel.  At  /a  glass  tube  is  fixed,  which 
shows  the  height  of  the  water  within  the  vessel.  When  a  jar  is  intended  to  be 
filled  witli  gas  from  tlie  reservoir,  it  is  placed,  filled  with  water  and  inverted,  in 
the  cistern  «.  The  cocks  1  and  2  being  opened,  the  water  descends  througli  the 
pipe  attached  to  the  latter,  and  the  gas  rises  through  the  c()ck  1.  By  raising  the 
cistern  e  to  a  grater  elevation,  any  degree  of  pressure  may  be  obtained  {  and  a 
blow-pipe  may  be  screwed  on  the  cock  at  the  lef\  side  of  the  vessel. 

PLATE  X. 

Figs.  1,  2,  3.    Views  of  Mr.  Newman's  Mercuruhpncumaiie  tmugh^  combined 
with  a  mercurial  gasometer.    The  same  letters  refer  to  all  three  figures. 
Fio.  1,  is  a  front  view  i  fig.  2,  a  acGtioBi  and  fig.  3,  a  view  looking  down  iiom 


I 

I 


tbove  into  tha  cavity  (if  tlie  trnii|tlu.   A,  tlia  rIim  bell  .  „._ ,_.,  __ 

about  half  full  of  g«  j  B.  tile  titcnor  vessel  (.f  tlit  giiameter.  In  fle  L  Oc 
ctntrsl  solUl  pirt,  whldi  fills  the  oaviiy  of  Uic  bnl.l  wlicii  dcpmaKd  »  Ik  m  • 
will  KOf  ubIiowii  bf  (Intlcd  linca,  as  alio  ia  &  small  iruii  tube,  on  sU'icli  Qie  kM 
it  standi.  Tliia  tube  conveys  Ihe-^iet  from  the  inull  bcli-MiJt{icd  loaEl  E,  m 
whicli  tliey  ace  <inl  rcoriVeil,  into  the  receiver  A  uf  tlio  j^uin  eirr.  In  So.  ( 
thta'tube-^  markeil^  6,  unJ'Tnaybc  seen  rising  u  little  abdMilic  nwrciuyi  vaiA 
is  thus  prevcnteil  from  fitllinK  iaio  it.  In  6g.  3|  tlie  lerroi:iMio#trf'  Aa  pijm  '» 
narked  by  a  cu'cle,  cta>c  lo  the  letter  C. 

D,  6k.  1.  one  of  the  sides  of  the  ciUern  fnp  coiK^liW  loercunr  i  at  G  Ike 
clitcmliai  a  semi-cylintlrical  cavity  seen  marodbaoO^Tn  Itg.  3.  Pis  a  aad 
tube  opening  intu  til c  gaxoinetcr,  and  alio  under  WW  of  tte  wnall  bides  tii.Gr- 
3.  By  moans  of  this  tube,  a  Email  portion  of  gtt  nmy,  at  any  lime,  be  trawfif 
ivd  from  the  ^zomeler  into  a  narrow  teit  tube  nr  utIiL-r  fcancL  tl  la  a  dorp  dr- 
culat  CHvity,  or  well,  into  which  ■  long  lube  or  jar  in^y  In  uceauoiuUy  iminn* 
cij,  when  it  Is  neceuary  to  have  the  mercury  at  the  <am«  level  villun  and  «ifr 
out.  1  is  a  receiver  into  which  gaa  is  supposed  lo  be  pasting  from  a  tcturt  hat' 
cd  by  the  spirit  tamp  N.  Thin  lamp,  by  means  of  a  p'dlar  and  Mckd,  »f  be 
ntseil  or  lowered  at  pleasure,  and  ia  secured  at  any  desired  heigfal  by  a  ifiag. 
K,  a  Volta'a  Eudiometer  secured  by  an  upright  pilUr  L,  in  which  ■*  ■  i|inae  (• 
diminish  the  recoil  on  firing  any  gasei.  1'his  is  moveabk,  and  la  Ated  nM 
mulled  to  the  side  of  the  trough  by  the  screws  H.  O  O,  a  aheel  iraa  way.  ■•■ 
tended  lo  collect  any  mercury  that  may  be  apilled  out  of  the  trou^ 

Fios.  4,  St  6,  7.  Tlie  compound  tdaw-plpcfurmmpnutdaxygm  imdhf^ngtt 
gtiKi,  with  tlie  addition  of  a  safety  tube  for  prcvenlingesplosiona.  A,  tkeband 
of  the  conden^Dg  syringe.  I),  the  handle  of  the  piston.  C,  a  cock  Kjr  cloaiEg  o» 
cauonally  the  communication  with  a  bladder  filled  with  the  mixed  gaae*.  D,aG>Kft 
between  the  nrin^e,  nnd  the  square  copper  box  inio  which  lUc  gar*  are  (■•■ 
densed.  Thi*  box  ismarked  R.  F,  a  perforated  metal  cap  fitto]  by  a  serev  U  dc 
top  of  the  box,  and  containin]j  a  pile  of  circular  discs  of^wire  giuic,  seefl  'ir:  Kj. 
5,  such  as  ia  used  for  the  safely  lamps.  G,  a  cnck  lo  prevent  o-;(j!.i.hii:j>  ■:  ; 
eacapc  of  (he  condensed  gaJtes.  II,  a  ball  uiid  socket  joint,  by  mtrini  ot  uliic.'i 
the  jel  I,  of  which  there  sliould  be  two  or  three  of  different  aizes,  cjn  be  tumci 
in  any  direction. 

The  addition  to  the  apparatus  for  preventing  explosions  is  represented  in  d-. 
S,  within  the  eopptr  box.  The  letter  d  is  placed  on  a  piece  of  brass  tu'je  cI.jkiI 
at  the  boUom,  and  <i\cd  air  tight  into  the  box.  Into  the  bottom  ol'  tli:s  ii  tiled 
a  small  pipe  a  a,  covered  at  tlie  upper  cstremlly  a  by  a  piece  of  wLre  gau-f, 
and  opening  into  Ilit  brjsi  lube  by  two  or  fiiur  holi's.  A  cirtiilar  fijt  vaKclinLii 
with  silk  or  leather,  which  may  he  seen  in  the  sketch,  covers  thcso  h;.!oi,  .nj 

Ercvents  the  passage  of  any  thing  backwards  from  iJic  brajts  lube  iii'.u  ue 
oxt:. 

When  the  inalntmcnl  is  lo  be  used,  the  common  air  sliuuU  be  ciha'iite.l  from 
the  box  K,  by  nieana  uf  the  syringe,  the  box.  then  lillcd  with  ihe  gaie-  ;  UV: 
which  water  or  oil  should  be  poured  into  the  brass  tubes  (lliu  cap  V  being  tup. 

Eoscd  removed)  lo  about  e.  The  gases  may  then  be  condensed  into  lUe  ti.>i,».J 
y  their  own  elastic  force  will  pass  through  llic  lube,  the  fluid,  and  the  \a.-.j^ 
acrecns  of  wire  gau/,c,  and  wdl  issue  out  al  the  jel.  When  the  intiamnia'i.xi,  ^y 
the  use  of  a  largt-  jet,  passes  backwards,  it  is  generally  arrestid  h\  ilie  <\:-Ci  i' 
wire  gauit ;  but  if"  it  pass  these,  it  kindles  only  the  g.ises  in  lUc  hr^^s  lu'jc,  vi 
does  uo  barm;  and  the  valve  prevents  tlic  lluiJ  from  being  piuiuUcd  nivuic 
bos. 
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This  bcMik  ■hmild  be  Mtanmd  to 
tb»  Ubnrf  on  or  baAm  flio  last  date 

A  flno  Of  llTO  oonta  a  day  is  inonnod 
lij  rotalnliis  it  beyond  tbm  apoelfiad 
time. 

Please  return  promptly* 
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